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Thos.  G.  Grier's  Book  of 

Wiring  Tables 


How  They  are  Made  and 
How  to  Use  Them. 

THE  book  is  one  which 
every    Central   Station 
and     Street     Railway 
man.      Electrician      Student 
should  own. 

CSize  of  book,  6^  x  4^ 
inches.  Will  fit  the  pocket; 
has  rounded  corners;  is 
leather  bound;  has  one  hun- 
dred and  four  pages. 
C  It  is  of  great  service  to  Con- 
tractors and  to  anyone 
employed  in  electrical  work. 
C  In  this  book  can  be  found 
the  best  answer  to  any  ques- 
tion on  wiring. 
CWe  carry  the  book  in  stock. 


Price,  postage  prepaid, 


$1.00 
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LIGHTS 


Can  be  Carried  in  the  Vest  PocKet 


THIS  Vest  Pocket  Light  is  not  a  toy.  It 
gives  instant  light.  No  chemicals,  oil. 
smoke  nor  odor.  No  heat,  matches, 
trouble  or  danger.  No  wires  to  go  wrong. 
Cannot  be  blown  out  by  the  wind.  Invaluable 
in  gas  works,  paint  factories,  mines,  oil  wells, 
paper  mills,  woodworking  factories,  etc.  Use- 
ful for  Miners,  Hunters,  Plumbers,  Railroad 
Employees,  Undertakers,  Sailors,  Soldiers, 
Travellers,  Watchmen.  Liquor  Dealers,  Phy- 
sicians, Policemen,  Machinists,  and,  in  fact, 
for  all  purposes  ■where  a  light  is  instant- 
ly required.  Endorsed  and  used  by  the 
Army  and  Navy  Departments  of  this  and 
Adopted  by  Dearly  all  of  the  Police  and  De- 


foreign  countries. 

tective  Agencies  of  the  world, 

Pressboard  Case 

Metal  Case  Covered  with  Leatherette      .... 
Special — Vulcanized  Fibre  Case       ..... 

Extra  Batteries.  50  cts..  Extra  Bulbs,  55  cts. 


$1.00 
1.23 
1.50 
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JUST    ISSUED-NEW    EDITION 

$2  "Homans'  Automobile  Educator"  $2 
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ANNOUNCEMENT 

III  IS  new  revised  work,  which  has  been 
prepared    to    nn  ( t    the    increasing    de- 
mand  for   a   thorough   treatise  on  the 
subject  of  motor  carriapes,  cannot  fail 
to  have  a  wide  circulation   and    prove  of  im- 
mense  value   to  all  persons  interested  in  the 
subject.     In   the   course   of  the  (>72  paj^es,  it 
presents  all  the  imiiortant  elements  of  automo- 
bile construction  in  cKar,  concise  and  pojiular 
language,  readily  C(imi)rehensible  by  any  reader, 
but  at  the  same  time  goes  into  all  matters  with 
a  thoroughness  that  renders  it  a  useful  hand- 
book even  to  skilled  engineers  and  machinists. 
The  treatise  on  the  gasoline  engine  cannot 
fail  to  prove  valuable  to  anyone  interested  in 
explosive   motors,   which  are  daily  coming  to 
the  front  as  the  readiest  and  most  convenient 
source  of  power. 

The  price  of  this  popular  edition  is  $2.00,  and 
as  an  insurance  against  accidents,  caused  by  ignorance  of  the  i)rinciples  of  ojier- 
ation  —  of  which  there  area  lamentable  number  recorded  every  day  —  no  one 
interested  in  the  subject  can  afford  to  do  without  a  copy  of  this  timely  volume. 

PLAN    OF    BOOK 

T  -TV  ..  T   .^^gnnj^jeri,,  r>f  ^n,on^obilcs.     II.— A  Hriif  History  of  Self-Propelled  VVhicle*.     Ill— Howa  Motor 
C  IV.  — Stcciinu  n   Motor  C.irriai:c._  V.  —  Devices  for  Combitiiii^  Sterrini:  and  Drivinn.     %I.  — The 

I:  '  Motor  Cats.      VII.  — Sprinw*.   Radius  Rods  and  Jointed   Shafts.      VIII. —  Motor  Corriage  Wheels. 

IX.  — Solid  Kublicr  Tires.  X. — The  Use  and  Kffeit  of  Pneumatic  Tirct.  XI.  — Construction  and  Operation  of  Brakes! 
XII —On  Hall  niid  K. liter  Bearinss.  XIII.— On  the  Nature  and  Use  of  Lubricants.  XIV.  — General  Principles  of 
Ci  n.     XV. — The  Pressure.  Temperature,  and   Volume  of   Gases  in  a  Gas  Eneine.     XVI.— The 

M  'Ht  of  Gas  Kngino  Cylinder  Cooling.      XVII. — Conditions  Resultini:  from  Combustion  of  tbs 

P  .J.      .\  ■  ill. — <jai  Enifino  Efficiency.      XIX.-  Estiin.-itine  the  Horse  Power  of  Gas  Ktieines. 

C  ;  and  V.ijKuiicrs.      XXI.— On  the  Slethods  of  Pmnj   the  Chnriic.     X.XII.— I">c\elr.|,nicnt  of 

M  l).,l.r   .....I   (li=  ^1.   . --  .-c.      vvrii-The'"    -•'    '1   •■■'  Control  of  Tyi.ical  Gasoline! 

X  — Electr'  I. — CoDstrurtiiin  of  tlie  I>yn:i[i 

c.y  t  Electric  lotors.    XXVIII.- Motors  for  I 

Vehicles.     X.'\.l.'\. — Piacticiil  Points ou  .Motor  Troubles.    X.'vX, —  .Metiiods  of  Circuit  ChanvinK  in  Electric 
XXXI.— Construction  and  Opcr.ition  of  Storage  Batteries.      XXXIl.  — Steam  and  its   I'se  as  a  Motive 
XXXIII.— Construction  and  Operation  of  n  Steam  Encine.      XXXIV.  — Small  Shell  and  I-'hie  Boilers  for  S 
Carriages.      XXXV.— Of  Water  Tul>e  Boilers  and  Their  I'so  in  Steam  Carri.n:<-s.      X.XXVI. —  Plash  Sir 
C   -        •    -''.       XX.XVII.-The  T  -,-..'.   '■    .        •         />  •tarhmcnts  of  Steam  Boiler*.      XXXVIII. —  Boil. 

P  1  Water  Level  K-  I   Pwel   Burners  and   Regulators.     XI-.  — Simple 

S: Mige   Pngines.      >.; ....   iaxxmen   P^ngiiies.      XI. U.— Compound  Steam 

Engines.     XLIII.  — Hints  on  Gasoline  Vehicle  Management.     XLIV. — Gaiolino  Motor  CvlIcs. 


SEND  FOR  SPECIMEN  PACES' 


The  book  contains  6*^2  patfes,  over  500  diagrams  «nd    lllus 
trations.  printed    on   fine   paper,    size   5^.j,x8'a    inches,  witli 


generously  good  bindintf. 


THEO.  AUDEL  £^  COMPANY 

EDUCATIO.NAL  BOOK  FUBLISHhRS 

63  Fifth  Avenue  New  York  City 


Knrlnnrdfiud 

(fS)Uro  dollars  for 

^  /    vhirh  mail  mr,po»t 

^  paid, one copi/"HQmji.QB' 
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French  —  German  — 
Spanish  —  Italian 

Spokes,  Taught,  and  Mastered  by  the 

LANGUAGE 
PHONE- 
METHOD 

Combined  with 
The  Rosenthal 
Common  Sense 

Method 
of 
Practical  Linguistry 
The  Latest  and  Best  Work  ofDr.  Richard  S.  Rosenthal 

TOr  HKAR  THK  K\A(  T  I'KOM  NCIATION  <1K  EA(  II  WOKU  AND 
PHIUSK.  A  few  minutos'  practice  several  times  a  day  at  spare 
momenta  plves  a  thorough  mattery  oZ  conversational  Frenrh, 
German,  SpaoUh,  or  Itiiliiin. 

Send  for  testimGnicds,  booklet,  and  letter. 

INTERNATIONAL  LANQUAQE-PHONE  METHOD 

1165  Metropolis  Bide.  Broadway  and  16th  St.,  Mew  York 


Rensselaer     \ 
-fo  Polytechnid^^ 


y/t 


% 


■^^/^^^<r 


O/- 


Institute, 

Troy,  N.Y. 

tiooalexaminationa  provided  for.  Send  f  or  a  Oatalogna, 

OIR  FKEE  BOOKLET  ON  AT  HOME  FOR 

MUSIC  LEARNING  ^i^vio^n: 

Cuitar,    Banjo,  Cornet,    Mandolin,  and  Voice.    Teiis 

how  you  can  leiirn  to  J>lay  any  instrument  and  to  sing  witliout 
leavlntr  your  home.  It  Is  free  and  will  Interest  you.  Send  youi 
name  to  I'.  S.  SrhopI  of  Hii'sir.  Kox  lOOf,  19  Inion  Sqnare,  X.  Y. 


T 


O  DEMONSTRATE  the  character  of  our  in- 
struction and  give  some  idea  of  the  immediate 
and  practical  benefits  to  be  gained  from  our 


courses,  we  will  send 


FREE 


one  of  our  regrular  lesson  papers  on  Telephony  (64  pages, 
size  7x9inches),  containing  a  full  outline  of  the  first  princi- 
ples of  telephone  work, 

FOR  THE  NAMES  OF  THREE  FRIENDS 

whom  you  know  to  be  interested  in  any  of  the  courses  listed 
below  (st.ite  course  in  which  interested)  and  three  two-cent 
stamps  to  pay  postage.     Among  the  subjects  covered  are : 

Transformation  of  Sound  into  Electrical  Energy;  Bat- 
teries; Principles,  Constrtiction  and  Operation  of  Tele- 
phone Instruments,  Transmitter,  Receiver,  Induction 
Coil,  Generator,  Ringer,  Diagram  of  Connections, 
Bridging  and  Series  Telephones;  Desk  Telephones,  etc. 

200-page  Bulletin  giving  sj-nopsis  of  courses  in 
Electrical.  Mechanical,  Steam,  Civil  and  Sani- 
tary Engineering,  Textile  Manufacture, 
Architecture,  Mechanical  Dra'wing,  etc.,  sent 

free  on  request. 

AMERICAN  SCHOOL  of  CORRESPONDENCE 

At  Armour  Institute  of  Technology,  Chicago,  111. 
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Success   ShortKand  ScKool 

Walton,  James  &  Ford,  Court  Reporters, 

Suite  33,  79  Clark  Street,  Chicago : 

Please  send  your  prospectus,  "Success  Shorthand  System," 
fully  describing  your  home  study  course  in  expert  shorthand 
tor  beginners  and  the  perfection  of  stenographers,  to 


Name. 


Address . 


City  and  State. 


Tufts  College 


DEPARTMENT    OF 

ENGINEERING 

Civil,  Mechanical,  Electrical 
and  Chemical  Engineering 

New  Laboratories  and  Excellent  Equipment.  Beautiful  site 
within  four  miles  of  Boston.  Preparatory  Department  for 
students  who  have  had  eng-ineering  practice,  but  insufficient 
preparation  for  college  work. 

For  information  concerning  courses  and  positions  of  grad- 
uates, address 

H.  G.  CHASE,  Secretary, 

Tufts  College  P.  O.,  Mass. 


The  University  of  Rocliester 

A  College  of  Liberal  Arts 

Scientific  Course  for  Technical 
Students 

Six  years  required  for  combined  College  and 
Engineering  degrees  in  co-operation  with  The 
Massachusetts  Institute  of  Technology  and 
Sibley  College  at  Cornell.  New  laboratories, 
thoroughly  modern  equipment.  Special  circu- 
lar and  catalogue  sent  on  application.    Address 


I2i«k 


F.  L.  LAMSON,  Registrar 
Rochester,  N.  Y. 


C^e  American  School  of  Household  Economics 

THIS  new  development  of  the  correspondence 
idea  came  into  being  from  the  request  of 
women  all  over  the  country  for  aid  in  their 
household  problems  and  for  guidance  in  the  study  of 
twentieth  century  housekeeping. 

We  all  realize  that  industrially  the  world  has 
made  tremendous  advances  during  the  last  ten  or 
twenty  years,  but  we  are  apt  to  over-look  the  fact 
that  knowledge  of  the  arts  and  sciences  relating  to 
the  home  has  kept  pace,  and  that  the  good  old  ways 
of  our  grandmothers  are  no  less  out  of  date  than  the 
stage  coach  and  spinning  wheel. 

The  thoughtful  housekeepers  who  have  felt  the 
effects  of  this  industrial  revolution  have  been  seeking 
in  vain  for  a  practical  hand-book  that  would  give 
the  desired  information  in  not  too  technical  nor 
abstruse  a  form. 

A  residence  course  of  study  is  out  of  the  question 
for  the  great  majority,  so  as  housekeepers  and 
mothers  are  unable  to  leave  their  duties  to  go  to 
school,  the  school  must  go  to  them. 

This  the  American  ScJiool  of  Household  Econ- 
omics does.  Its  lesson  books  have  been  prepared  by 
eminent  teachers  and  represent  the  long-sought-for 
hand-books — simple,  concise,  interesting,  and  auth- 
oritative.    The  instruction  is  given  by  the  authors. 

Some  of  the  subjects  covered  are  cookery,  dietet- 
ics, home  dressmaking,  house  planning  and  furnish- 
ing, home  nursing,  household  management  and 
accounts,  and  psychology  of  child  training. 

The  attractive  Announcement  of  the  School  gives  illus- 
trated synopses  of  the  twelve  subjects  offered  and  details  of 
the  methods  employed.  Everyone  interested  is  invited  to  send 
for  a  copy.  Address  the  Director,  Miss  Helen  Louise  Johnson, 
3311  Armour  Avenue,  Chicago,  111. 
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THE  TECHNICAL  WORLD  u  a  monlhly  nuuraxinr.  publinhni  the  flfttvnth  of  each  month, 
devoted  to  the  prublenu  of  the  technical  and  induatrial  world,  and  a  treatment  of  all  matters  of  intereat 

in  .Ai'i'ii*-"!  .^.  i<Tn-iv 

PRICE  ;     The  nibecription  price  ia  COO  per  year,  payable  in  advance;  ainsle  copi*^  20  centa. 
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THE    HISTORIANS'    HISTORY 

This  Illustration  Emphasizes  a  Fact— viz,: 

The  definite  withdrawal  on  May  15th  of 
"The  Outlook's"  offer  of  The  Historians'  History 
of  the  World,  and  the  urgent  necessity  of  mail- 
ing orders  from  distant  points  promptly,  so 
as  not  to   be  too   late. 

(Keep  an  eye  on  the  calendar.) 

On  May  15th  the  Lists  will  be  Closed 

so  far  as  present  prices  are  concerned,  and  higher  prices  will  then 
go  into  effect.  Unquestionably  many  persons — thousands  prob- 
ably— who  have  made  up  their  minds  to  buy  this  new  magnum 
opus  of  world-history  will  put  the  matter  off  until  the  prices  have 
been  advanced,  and,  as  the  penalty  of  delay,  will  pay  more  for  the 
same  book.      But  those  who 

Act  at  Once 

still  have  time  enough  to  enter  their  subscriptions  and  get  the  ben- 
efit of  the  reduced  prices  which  were  decided  upon  in  order  to 
introduce  the  history  in  the  quickest  and  most  effective  way. 
These  prices,  which  can  apply  only  to  the  first  edition,  are 

43  Per  Cent.  Less  than  Regular  Prices 

For  Specimen  Volumes,  Prices,  etc.,  write  to 
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MAY  15^-^ 


IS 


OF    THE    WORLD 


As  the  hands  of  the  clock  come  together  at  midni^^ht  oti  May 
15th,  the  list  i,t       ■  -i  which  can  be  accepted  at  the  intro- 

duttory  j>ri'  «-s  '■ 

'I  'y  that  time  will  have  irrev- 

oca     I  ,     ,  .     ..,  ,  ..;c  the  Krt-atcst  wurld-history 

ever  published,  at  4.?  per  cent,  less  than  the  rcKuIar  prices. 

If  you  live  at  a  distance  from  New  \<nV,  it  is  all  the  more 
necessary  to  make  ha>tc,  fur  yu  must  allow  time  for  your  order 
to  reach  this  city  not  later  than  the  15th.  Keep  an  eye  on  the 
calciiilar. 

Do  you  realize  fully  the  value  of  the  concession  which 
now  l.fiii^  \\  i;hi!r.iu  :'.  ? 

The  IIi»torittiis*  Jlistorn  is  universally  reco^^ized  as  the 
most    successful   book  ol   i?  .,nc   that    is  not 

surpasscil  in  ••    'rtcti\c  and  ini-  liy  any  publica- 

tion of  any  ; 

It  has  ca: hort.  -•r■^\■,^^<  ....l,  tt^rougi,   t},g   bewilderinjj 

labyxinth  of  historical  1  ^  the  reading;  of  history 

ea-sy,  delightful,  an<l  jiroiiULic,  iiibtcaa  of  dry,  difficult,  and  un- 
invitinjj. 

It  includes  the  most  splendid  vritinRS  <>f  all  the  great 
historians  who  have  c^i-rliveu,  elucidated  tixl  enlivened  ly 
editorial  comment  and  woven  into  a  iiarr.iti\<-  of  p.rl<-(.t  svni- 
metry.  The  aooo  historians  w'l-.  ur.-in-s  an-  ^'ivtn  at 
length  rati;;e  fr.;;!  IhiiLvdides  to  Theodore  Roosevelt. 
Every  jrreat  university  of  the  world  is  represented  among 
the  special  I'liitn'Mi;    r- 

Americans  need  nothing  so  much  at  this  stage  of  their 
national  cai  1-  :\  broad  knowledge  of  world-liisff»ry . 


such    as   th                      u  '^    1!    ■  ••    !';::ii-h<--       "I    lia\  c   nov  cr 

seen  a  work   that    so  coniplitcly  answers  this  purpose 

as    Tlif  llisturiini^'  fH-^tuiifoj  tin    Uorld,"  wr;:c^  o.- 

Presi<ient  (irover  <  .  That  opiniipn  is  rejK-atcd  in  various 

forms  bv  th'- f'.r.Tii.  ■'      '       •-■  !  S:  i- 


MAY,    1905. 
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Below  are  given  the 
latest  dates  on  which  you 
can  send  your  order  for 
The  Historians'  History  of  the 
World  to  insure  its  reach- 
ing New  York  before 
the  closing  date  ." 

I'acitic  Coast  May    9 

kockv  Mountain 


K<--^ion     . 
.Mississi|>|)i  X'aliey 
Southwest  . 
Souih«rn  States 
MicKile  W.St   .      . 
Fastern  Stairs 
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THE  OUTLOOK,  225  Fourth  Avenue,  New  York 
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$150.00  IN  CASH 

WILL     BE    DIVIDED    AMONG    THE 

ISPersons 

sending  in  the  largest  lists  of  new  subscribers  to  "The  Technical  World" 
between  April  20th  and  June  20th,  1905.  These  cash  prizes  will 
be  given  in  addition  to  the  regular  premiums. 

C'The  Technical  World"  pays  liberally  in 
cash  or  premiums  to  those  securing  subscrip- 
tions in  large  or  small  numbers. 
CYou  can  have  an  exclusive  agency  and 
make  money  by  using  a  little  of  your  spare 
time. 

Cit    is  easy.      No  capital    required  and    no 
experience  necessary.     Try  it. 


Write  at  once  for  full  particulars  of  our  great  offer 
for  7iew  subscribers  and  this  cash  prize  competition. 


A  d  d  r  e  s  J 

THE  TECHNICAL  WORLD 

CHICAGO.   ILL. 
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No.  IH 


Kor  2  subscriber*  And  25  cents  extrA 


No.  2 


For  6  subscribers 


A    FEW 
SPECIMEN    PREMIUMS 


FOR  NEW  SUBSCRIPTIONS 


Tho  Techuical  World  offers  tlie  largest  variety 
and  the  b«>Bt  of  pn^minnis  for  nmv  subscriptions. 

Send  at  once  for  Premium  Circular  containing 
something 

FOR  EVERYONE 


The  Technical  World 


CHICAGO.    ILL. 


-    No.  34 


For  8  subscribers 


•  For  3  suJjscrlbrrs  - 
And  15  cents  oxirA 


No.  h 


For   15    subscribers 
and  SI. 00  oxtrA 

No.  28 


For  4  subscribers 
And  25  cents  extrn. 
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Important  Announcement 


I 


Readers  of  THE  TECHNICAL  WORLD  will  be  gratified  to  learn  that  the  Great 
Reference  Work  upon  which  THE  SCIENTIFIC  AMERICAN  has  been  so  long  engaged 
is  at  last  completed.  After  years  of  patient  labor  and  research,  and  with  the  co-opera- 
tion of  America's  foremost  scholars  and  experts, 

The  New  Am.ericar\aL 

stands  as  an  achievement  which  has  already  met  with  the  enthusiastic  approval  of  the 
American  people. 

The  AMERICANA  is  the  work  which  the  condition  of  affairs  in  the  Encyclopedia 
world  made  necessary.  Before  ever  a  line  was  written  for  this  great  work  the  Ideal 
was  set :  A  National  Work— Universal  in  its  Information — American  in  its  Production. 

The  AMERICANA  is  distinctly  a  National  Work.  It  is  made  by  Americans. 
Every  section  of  America  has  been  called  upon  to  contribute,  and  for  the  first  time  in 
encyclopedia  making  North,  South,  East  and  West,  Canada  and  South  America  have 
had  full  and  true  representation. 

The  AMERICANA  is  NEW  FROM  COVER  TO  cover— new  and  beautiful  type,  new 
maps,  new  engravings  and  plates  in  color,  new  text  illustrations,  and  best  of  all,  NEW 

AND  original  TREATMENT  THROUGHOUT  by  more  than 

One  Thousand  American  Scholars  and  Special  Writers 

The  AMERICANA  is  the  only  encyclopedia  made  in  this  country  by  a  thoroughly 
organized  body  of  skilled  experts  and  literateurs,  each  selected  for  his  special  fitness 
and  intimate  acquaintance  with  the  subject  assigned  to  him.  These  trained  and  pro- 
gressive workers  have  struck  out  into  neiv  paths;  they  have  proceeded  upon  an  entirely 
new  plan,  and  that  plan  embodies  the  idea  which  has  made  our  country  the  wonder  of 
the  nations  —  the  idea  of  reaching  the  core  of  things  by  the  shortest  method.  This 
is  the  American  -plan.  You'll  catch  the  spirit  of  it  as  you  turn  the  pages  of  the  work 
and  note  its  conciseness  yet  comprehensiveness,  while  the  names  of  the  eminent  writers 
of  the  signed  articles  are  an  ample  assurance  of  accuracy  and  authoritativeness.  The 
AMERICANA  has  commanded  the  services  of  so  many  American  educators,  scholars 
and  experts  as  to  fully  justify  its  title  of  America's 

Great  National  Reference  Library 


"I  am  truly  delighted  with  the  tone 
and  arrangement  of  this  strictly  Am- 
erican publication. " 

— B.  J.  CiGRANO,  Director  Chicago 
Public  Library. 


"The  treatment  throughout  is  thor- 
oughly American,  and  conspicuously 
so  in  its  wonderful  compression.  It 
goes  straight  to  the  core  of  each  sub- 
ject."—Edgar  M.  Barber,  C.  P.  A. 
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Free   Orv   Reqviest 


No  mere  advertisement  can  convey  an  adequate  idea  of  the  vast  interest  and  im- 
mense utility  of  the  AMERICANA,  or  of  its  exceptional  value  and  sumptuous  appear 
ance.  We  have  therefuiv  prepared  for  'l.strihution  amonj^  those  really  inleresltHi,  a 
handsome  Ko-page  hook  containing  speritficn  pagt's,  maps,  fiill-pagr  plntc.t,  duo  tones, 
color  plates  and  i<xt  illustrations,  with  4~  portraits  oj  vcltbrities,  full-pajje  uhotojjfraphie 
plates,  showing  the /a.s7«',st  train  in  the  world,  the  largest  steamship  ever  nuilt  in  Am- 
erica, the  fatuous  Flat-iron  Building,  New  York,  the  stage  mechanism  for  the  Opera 
of  rarsifai,  etc. 

We  send  you  this  beautiful  and  expensive  book  FREE  on  return  of  Inf'okmation 
Blank  here  printed.  You  will  thus  be  able  to  decide  quickly  and  intelligently  whether 
the  AMERICANA  is  not  just  the  work  you  want  for  personal  use,  or  for  your  family. 
or  for  the  public  library  or  school  in  which  you  are  interested. 


"I  consider 
it  in  every  re- 
spect the  best 
encyclopedia 
published." 
-  P.  N.  John- 
STON,  Reler« 
ence  Librar- 
ian, New  York 
Public  Li- 
brary. 


' '  The  work  breathes 
the  spirit  of  today  even 
in  the  description  of 
things  ancient.  It  ex- 
plores the  dark  corners 
of  the  past  by  the  aid  of 
the  arc  light  and  ra- 
dium."- St.  Paul  Pio- 
NEKR  Press. 


Information    Blank   — 


THE  SCIENTIFIC  AMERICAN.  Compilintr  Department. 
258  Fifth  Avenue.  New  York  City. 

Without  obliiratinir  myself  to  purchase  I  would  like  to  receive  FREE,  your  llO-pojre  Book  of  Speci- 
men I'aRes.  .Maps.  Duotones.  Color  Plates.  Portraits.  Text  Illustrations,  etc.,  of  the  EncYCLOPKMIA 
Ambrica.na,  with  particulars  of  your  special  advertising  proposition.  T.  W.  S. 


Name. 


Occupation 


Street-. 


Town  and  State 

Cut  Out  and  Mail  To-Day 
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T  is  the  man  who  has  learned  through  long  experience  and  careful  study  who  knows 
best.  Years  of  experience  in  teaching  thousands  of  students  living  in  every  portion 
of  the  globe  and  careful  study  of  existing  conditions  have  enabled  the  American 
School  of  Correspondence  constantly  to  enlarge  and  revise  its  work  so  as  to  make 


it  best  adapted  to  meet  the  needs  of  the  correspondence  student. 
^  The  text  books  of  the  American  School  of  Correspondence  have  been  prepared  by  lead- 
ing college  professors,  engineers  and  experts  in  this  country.  In  their  preparation  careful 
study  has  been  given  to  actual  shop  needs.  Simplicity,  brevity^  clearness  and  thoroughness 
are  marked  features.  It  may  be  said  in  this  connection  that  the  United  States  government 
has  secured  the  right  to  use  these  instruction  papers  as  text  books  in  some  of  its  schools. 
"Storage  Batteries,''  by  Professor  Crocker,  is  used  in  the  senior  class  work  in  Columbia 
Universitv.  The  Westinghouse  Electric  and  Manufacturing  Company  have  secured  a  large 
number  of  papers  to  be  used  in  their  educational  classes,  and  the  only  gold  medal  for  superior 
excellence  in  Engineering  Education  and  Technical  Publications  awarded  at  the  St.  Louis 
Exposition  was  given  to  the  American  School  of  Correspondence. 

^  There  has  been  on  the  part  of  the  school's  large  student  body  a  great  need  of  a  practical, 
concise  and  thorough  reference  work — a  reference  work  which  would  supplement  their 
studies  and  also  assist  them  in  the  solution  of  such  problems  as  daily  confront  every  practical 
man.  To  meet  this  need  the  school  has  compiled  its  twelve-volume  ''Modern  Engineering 
Practice."  The  "Library"  is  edited  by  Dr.  F.  W.  Gunsaulus,  assisted  by  a  corps  of  able 
specialists  and  experts.  It  covers  a  broad  field  of  engineering  work  and  includes,  in  addinon 
to  the  school's  regular  work,  many  special  articles  on  such  subjects  as  Wireless  Telegraphy, 
Automobiles,  Gas  Engines,  etc.,  thus  forming  a  complete  reference  work  on  the  latest  and 
best  practice  in  the  Machine  Shop,  Engine  Room,  Power  House,  Electric  Light  Station, 
Drafting  Room,  Boiler  Shop,  Foundry,  Pattern  Shop,  Blacksmith  Shop,  Round  House, 
Plumbing  Shop  and  Factory.  The  "Library"  is  well  indexed,  profusely  illustrated,  and 
substantially  bound  in  three-quarters  red  morocco. 
^  For  description  and  table  of  contents  see  pages  XII  and  XIII  of  this  issue. 

SPECIAL      ^^    students    enrolling    BEFORE 
^— ^^^— — — ^—     in    any   of   the    courses   listed    on    the 
opposite  page  we  will  include,  as  a  help  to  their  studies,  a  set  of  the  12-volume   "Refer- 
ence Library  Modern  Engineering  Practice"   in  addition  to  the  regular  instruction  papers. 


JUNE  1st,  1905 


FREE 


COUPON.     Cut  Out  and  Mail  NOW 


AMERICAN  SCHOOL  OF  CORRESPONDENCE,  CHICAGO,  ILL. 

Please  enroll  me  in  the 


course,  which  I  promise  to  pursue  diligently;  I  agree  to   pay  f cash. 

and  S on  or  before  the day  of  each  month  thereafter  until 


total  tuition  S_ 


-(given  on  opposite  page)  is  paid. 


The  library  Modern  Engineering  Practice"  (12  vol.)  is  to  be  sent  me  as  soon  as  I  have  completed 
the  first  ten  papers  of  my  course  or  as  soon  as  the  tuition  is  paid  in  full,  becoming  my  property  when 
tuition  is  paid  in  full.  T.  W.     May,  '05. 


Fill  out  the  following  carefully: 


Name- 


Residence 
Town 


State_ 
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Courses  and  Tuition  Fees 


DEPARTMENT  OF  ELECTRICAL  ENGINEERING 

Electricul  Kinrinix-ring UcferiTirf  Libr*rj'  U2  voU.) 

Centml  Station  Work Refercnct;  Lilirary  (12  vols.) 

Electric  Lishlinir Rcferenc*  Libmry  (12  volm.) 

Electric  Kail waya Rcf orpnco  Library  ( 12  voU. ) 

Telephone  Tnictice Kcfer«?nce  Libmry  K\2  voIm. ) 

DEPARTMENT  OF  MECHANICAL  ENGINEERING 

Mechanicut  KnKinwrinjj Reference  Library  1 12  vols. ) 

Mechanical-Electrical  Enjrincorinjr.  Roferonco  Libnir>'  (12  voU.) 

Shift  Motul  Pattern  Draftins Reference  Library  (12  vols.) 

Shop  Practice Reference  Library  ( 12  vols. ) 

Heating.  Ventilation  and  Plumbinjr- •  Reference  Library  (12  vols.) 
Mechanical  DrawinK Reference  Library  (12  vols.) 

DEPARTMENT  OF  STEAM  ENGINEERING 

Stationary  Enirinevrins Reference  Library  ( 12  vols.) 

Marine  Engineerinif Reference  Library  (12  vols. ) 

Locomotive  Enffincerinsr Reference  Library  ( 12  vols. ) 

DEPARTMENT  OF  CIVIL  ENGINEERING 

Structural  Engineerinfr Reference  Library  (12  vols.) 

Municipal  Engineerins Reference  Library  (12  vols.) 

Railroad  Ensrineerins- Reference  Library  (12  vols.) 

Surveying:  Reference  Library  (12  vols.) 

Hydraulics Reference  Library  (12  vol8.L 

Structural  Drafting Reference  Library  ( 12  vols. ) 

DEPARTMENT  OF  ARCHITECTURE 

Complete  Architecture Reference  Library  (12  vols.) 

Architectural  Ensrinecrinar Reference  Library  (12  vols.) 

Contractors'  and  Builders'  Course. . .  Reference  Library  ( 12  vols. ) 

DEPARTMENT  OF  TEXTILE  MANUFACTURING 

Cotton  Course Reference  Library  (12  vols.) 

Woolen  and  Worsted  Goods  Course.  .Reference  Library  (12  vols.) 
Knit  Gofula  Course  lU-ference  Librar>-  ^  12  vol , 


I'aiJ  in  ,    $.s.oo       iJ.oo    I 
Advance  a  Month  .i  Month 


(S2  "•> 
4« 
40 

40  OO 
40  00 


62  00 
52  00 
44  00 
40  00 
40  00 
40  00 


40  00 
40  00 
40  00 


60  00 
60  00 
60  00 
40  00 
40  00 
40  00 


60  00 
45  00 
40  00 


40  00 
40  00 

10  Till 


»•  %  no 

50  00 
50  00 


65  00 
65  00 
56  00 

50  00 
50  00 
SO  00 


60  00 
50  00 
60  00 


75  00 
75  00 
75  00 
60  00 
60  00 
60  00 


75  (HI 
55  00 
50  00 


50  00 
60  00 


cr,  no 

56  00 
56  00 


72  00 
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CO  00 

r..',  no 

56  00 
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65  00 
55  00 


85  00 
85  00 
85  00 
55  00 
55  00 
55  00 


cO  00 
60  00 
55  00 


55  00 
55  00 

-.',  no 


tOO-tagt  BuiUlin  eri'tng  /hU  outline  of  the  abot't  and  SO  short  eourttt  v.<ill  be  tent  free  on  requett 

American   School   of   Correspondence 

at    Armour    Institute    of    Technology,    Chicago 
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REFERENCE  LIBRARY  MODERN 
ENGINEERING      PRACTICE 

-IN  TWELVE  VOLUMES-  : 

A  Reliable  Guide  for  Engineers,  Mechanics,  Machinists  and  Students; 
Illustrating  and  Explaining  the  Theory,  Design,  Construction  and  Operation 
of  all  kinds  of  Machinery;  Containing  over  Six  Thousand  Pages,  Illustrated 
with  more  than  Four  Thousand  Diagrams,  Working  Drawings,  full-page 
Plates  and  Engravings  of  Machines  and  Tools 


PARTIAL  TABLE  OF  CONTENTS 
Volume  One 

Elein«'nts  of  Klectricit\ — (Current  -Measurements — Electric  Wiring — 
Telegraphy — Including  Wireless  and  Telautograph  — Insulators— Electric 
Welding, 

Volume  Two 

l>ir(.ct  Current  Dynamos  and  Motors  —  Types  of  l)ynamos  —  Motor 
Driven  Shops — Storage  Batteries. 

Volume  Three 

Electric  Lighting — Electric  Railways — Management  of  Dynamos  and 
Motors — Power  Stations. 

Volume  Four 

Alternating  Current  Generators — Transformers — Rotary  Converters — 
Synchronous  Motors — Induction  Motors — Power  Transmission  — Mer- 
cury Vapor  Converter. 

Volume  Five 

Telephone  Instruments  —  Lines  —  Operation  —  Maintenance  —  Common 
Battery  System — Automatic  and  Wireless  Telephone. 

Volume  Six 

Chemistry — Heat — Combustion  — Construction  and  Types  of  Boilers — 
Boiler  Accessories — Steam  Pumps. 

Volume  Seven 

Steam  Engines — Indicators  —  Valves,  Gears  and  Setting  —  Details — 
Steam  Turbine  — Refrigeration — Gas  Engines. 

Volume  Eight 

Marine  Engines  and  Boilers  —  Navigation  —  Locomotive  Boilers  and 
Engines — Air  Brake. 

Volume  Nine 

Pattern  Making — Moulding — Casting — Blast  Furnace— Metallurgy — 
Metals — Mechanism — Machine  Design. 

Volume  Ten 

Machine  Shop  Tools  —  Lathes  —  Screw  Cutting  —  Planers  — Milling 
Machines — Tool  Making — Forging. 

Volume  Eleven 

Mechanical  Drawing  — Perspective  Drawing— Pen  and  Ink  Rendering 
— Architectural  Lettering. 

Volume  Twelve 

Systems— Heaters— Direct  and  Indirect  Steam  and  Hot  Water  Heating 
— Temperature  Regulators— Exhaust  Steam  Heating — Plumbing — 
Installing  and  Testing— Hot  and  Cold  Water  Supply— Ventilation. 
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Are  you  a  regular  subscriber  to 
**The  Technical  World?" 
OR 
As  a  regular  subscriber  does  your  sub- 
scription expire  with  this  number? 
In  either  case,  read  carefully 

Our  First  Anniversary 

Oflfer 

A   LENGTHY  discussion  as  to  the  value  and  impor- 

CyTL     tance  of  "The  Technical  World"  is  unnecessary. 

Its  phenomenal  record  and  growth  of  the  past 

year  speaks  for  itself. 

"The  Technical  ^A7'o^ld"  appeals  to  everyone  who  likes 
to  know  how  and  why  things  are  done.  Ninety -nine 
people  out  of  a  hundred  have  some  technical  bent,  or  at 
least  are  interested  in  scientific  matters.  They  may  not 
be  trained  in  engineering,  but  they  like  to  talk  familiarly 

about  such  things  and  understand  them. 

A  new  discovery,  a  wonderful  invention,  a  great  achievement  in  engineering, 
processes  of  manufacture,  the  problems  of  transportation  on  land  and  sea -these 
and  a  hundred  other  topics-  have  a  fascination  for  every  intelligent  man,  woman  or 
child.    This  is  the  field  of  "The  Technical  World." 

In  simple  language  it  brings  the  most  complex  topics  within  range  of  common 
understanding,  and  by  profuse  illustration  makes  the  reader  familiar  with  every 
detaU.  In  wealth  of  interesting,  useful,  practical  information  it  is  unsurpassed,  and, 
as  thousands  of  our  readers  say,  "it  is  the  best  magazine  at  any  price." 

To  increase  the  value  and  importance  of  "The  Technical  World"  we  must 
grow,  and  we,  therefore,  ask  for  the  support  of  all  subscribers. 

If'  as  one  of  the  first  subscribers,  your  subscription  expires  with  this  number, 
renew  noW.  or  if  you  are  not  a  regular  subscriber  at  this  time,  subscribe  nptitf, 
taking  advantaie  of  the  FIRST  ANNIVERSARY  OFFER,  given  on  next  page. 

"Instructive  as  well  as  entertaining." 

THE    TECHNICAL    WORLD 
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^^^^^^^^^  TO    OLD   AND   NEW    SUBSCRIBERS  ^= 


Jftjffer  No.  1 


THE  TECHNICAL  WORLD  for  one  year  reuu- 
jar  price  $2  00  andanyONtlofthefolloH- 
ing  DooKf,  express  charKet  prepaid,  for 


$150 


MECHANICS'  COMPLFTTE  LIBRARY- 

A  book  of  modern  rultja.  procesaea  and  facts 
for  arUnana  in  evcr>'  trade. 

CRAM'S  Ql'ICK  REFERENCE  ATLAS  OK 
THE  WORLD -Fully  indexed.  105  colort-i 
maps  and  -lO.UUO  enlree^i. 

PRACTICAL  LESSONS  IN  ELECTRICITY - 
A  clear  and  concise  treati.-ie  on  Elements  of 
Electricity.  Electric  Current,  Electric  Wiring' 
and  Storajre  Batteries,  by  Prof.  F.  B.  Crocker, 
H.  C.  Cushinff.  Jr  .  and  L.  K.  Sajrcr.  S.  B. 


Q 


Alffer  No.  2 


THE  TECHNICAL  WORLD  for  one  year,  reii- 
ul.ir  price.  $J. 00  andaiw  O.Nt  of  the  fol- 
loMinK  booKf,  expreii  charRet  prepaid,   for 


$125 


OLD  GORGON  GRAHAM- 

Morc  letters  from  a  st-lfmnde  Merchant  to  His 
Son.  by  Geo.  Horace  Ixrimcr. 

THE  SCIENTIFIC  AMERICAN  REFERENCE 
BOOK — A  handy  volume  containing  ii  mine  of 
information  not  to  be  fouml  elsewhere.  Com- 
l>ile<l  by  Albert  A.    Hopkins  and  A.  Russell 

Hond. 

MODERN  WIRING  DIAGRAMS  AND  DE- 
SCRIPTIONS-A  IxKik  of  valuable  and  prac- 
tical information  for  the  electrical  worker,  by 
Henry  C.  Horslmann  and  Victor  H.  Tnusley. 


Pi^ACTICAL 
L&SSONS 

.  elbgt'rigit 


CII1CMQ.IU- 


NOTICE  TO  FOREIGN  SUBSCRIBERS: 

$1.00  additional  mast  be  lent  to  cover  Foreign 
Postate. 


All  of  these  books  are  amonsT  the  best  sellers  of  today ; 
each  is  Ix)und  in  cloth  and  profusely  illiistrutcil.  The 
Iiook  desired  must  be  sp^citied  whfn  onler  is  sent  in. 


ORDER  BLAlfK  FOR  OFFER  NO.  1 

Thk  TK'USI'  u,  w..Rit>. 

SKI  Armnur  Ave.,  rlili-«tfo.  III. 
Knrlr>««l  tlnil  »I..tO.  for  whli-li   Ken<l  nic  "The    Twhnli'wl 
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TKe  Development  of  Nevtr  and  Suiccessftml 
Methods  of  Ttinnel   Constr^&cttion 

By  WHILILIIAM  R.  STEWART 


TlllUr^'  years  ap^o  last  Sc])tcin- 
Ix-T.  a  company  of  Ainorican 
capitalists  iiiKliTtook  to  hiiilil  a 
tuiUKl  uihUt  the  Hudson  River 
heiwecu  Xew  \'<»rk  and  Jersey  City.  It 
ran  out  of  funds  and  failed.  Six  years 
later  some  Ilritish  capitalists  undertook 
to  com|)lete  the  enter]  )rise.  They  dnjve 
the  boring  i,8oo  yards  further  into  the 
clay  and  silt ;  and  avjain  disasti-r.  finan- 
cial and  enj^ineering.  overtook  the  i)ro- 
moters.  In  1S90  another  l'ji,u;lish  com- 
pany, with  a  board  of  titled  directors, 
succeeded  in  adding  S95  feet  to  the  total 
length  before  it  too  gave  up  the  task. 
Five  million  dollars  were  simk  in  these 


engineering  of  the  twentieth  century  over 
the  nineteenth.  I'.y  none  of  the  methrwls 
known  up  to  i<k)-  coulcl  the  tmuiels  now 
being  driven  imder  three  rivers  at  Xew 
\'ork  have  been  comi)leted,  except  at  an 
exj)en<liture  in  money  vastly  exceeding 
that  now  reipiired,  and  at  a  cost  of  hves 
still  more  disproi)ortionate.  As  compared 
with  the  casualty  list  of  more  than  a  hun- 
dred, during  the  abortive  first  efforts  at 
digging  beneath  the  1  ludson,  not  a  single 
workman  has  lost  his  life  during  the 
I)resent  successful  operations. 

Two  innovations  in  particular  stand 
out  from  among  the  many  imi)rovements 
in  methods  of  tunneling  which  the  pres- 


attcmpts,  more   than  one  hundred   lives      ent  wonderful  era  of  subterranean  boring 


were  lost,  and  only  a  charter  and  a  half- 
dug  f)assagc  retnained  as  evidences  of  the 
efforts  which  had  failed. 

On  October  22,  K)02,  a  fourth  coin- 
pany  began  work  where  the  third  had 
left  off;  and  on  March  ii.  i<;(>4.  tlie  last 
ring  of  the  cast-iron  casing  plates  was 
riveted  into  place,  anci  a  i)arty  of  engin- 
eers, financiers,  and  railroad  officials 
made  the  first  trip  c-n  dry  land  under  the 
Hudson. 

The  result  marks  the  advance  in  tunnel 


in  and  around  Xew  \'ork  City  has 
brought  about.  They  are  the  shield 
method  with  comprcs.sed  air.  employed 
by  the  Xew  York  &  Xew  Jersey  Rail- 
road Company  and  the  Peimsylvania 
C  (impany.  underneatli  the  Hudson  River; 
and  the  method  employed  in  constructing 
the  city's  subway  under  the  Harlem 
River,  which  consists,  in  brief,  in  build- 
ing the  heavy  arche<l  roof  of  the  tunnel 
on  a  pontoon,  then  laimching  it  and  sink- 
ing  it  on   a    foundation   of  piles   and  a 
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BLASTING  IX  TUNNEL  CONSTRUCTION. 

la  the  foreground  the  men  are  removing  debris;  in  the  background  arc  pneumatic  drills  at  work  drilling 

holes  for  new  blasts. 


specially  prepared  sheeting  of  heavy  tim- 
ber. Both  of  these  improvements — one 
the  invention  of  an  Eng-Iish  engineer, 
who  had  gained  his  experience  in  the 
United  States  ;  tlie  other,  of  an  American 
engineer — have  revolutionized  in  im- 
portant respects  the  building  of  sub-aque- 
ous tunnels. 

Interest  in  the  progress  and  recent 
completion  of  the  rapid  transit  subway  in 
New  York  has  been  so  great  that  the 
other  tunnel  projects,  all  designed  to  let 
the  great  community  out  from  its  prison 
doors,  have  received  little  public  atten- 
tion. Yet  there  is  an  army  of  delvers 
still  beneath  the  city  streets ;  and  under 
the  East  River  and  the  Hudson  are  being 
pushed,  by  day  and  by  night,  enormous 
steel  tubes,  burrowing  their  silent,  resist- 
less way  through  the  mud,  as  a  worm 
might  force  a  path  through  a  sand  hill. 
Under  the  East  River  two  tunnels  from 
Battery  Park  to  Brooklyn  will  connect 
the  rapid  transit  systems  of  the  two  bor- 
oughs ;  and  another  tunnel,  that  of  the 
Pennsylvania  Company,  will  annex  Long 
Island  to  the  "continent."  Under  the 
North  River  the  twin  tunnels  of  the  New 


York  &  X'ew  Jersey  Railroad  Company, 
and  the  double-track  tunnel  of  the  Penn- 
sylvania Railroad,  will  abolish  that  water- 
way as  a  barrier  traversable  only  by 
ferry. 

The  New  York  and  Ne-sv  Jersey 
Tunnel 

The  New  York  &  New  Jersey's  tunnel 
is  not  so  great  an  enterprise  as  that  of 
the  Pennsylvania,  but  to  it  belongs  the 
distinction  of  having  seen  the  first  ap- 
plication of  the  shield  method,  which  is 
being  employed  in  both.  As  has  been 
said,  this  method  is  the  invention  of  an 
English  engineer.  In  1880,  Charles  M. 
Jacobs  came  to  New  York  for  the  En- 
glish company  which  undertook  to  tunnel 
the  Hudson.  He  went  back  to  England 
beaten,  but  one  day  the  idea  came  to  him 
to  push  a  steel  tube  by  hydraulic  pressure 
under  the  river.  In  1902  he  came  over 
again,  and  did  it.  He  is  now  chief  engi- 
neer not  only  for  the  New  York  &  New 
Jersey  Company  but  for  the  Pennsyl- 
vania Company  as  well. 

The  Hudson  River  at  New  York, 
where  the    New   York   &   New    Jersev's 
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tunnel  cnissfs  U.  »>  73  icct  tloip  in  ihc 
main  channel.  For  thirty-five  feel  below 
that,  the  soil  is  a  soft.  e< unpad  clay  silt, 
intersperse«l  with  rock.  1  he  need  of 
Iiuiitling"  the  tunnel  as  near  to  the  sur- 
face as  possible,  to  avoid  too  sleep  a 
},'ra«le,  made  it  necessary  to  drive  it 
tlirou,i,di  the  soft  silt  on  top  of  the  firmer 
sulistratuni,  and  this  presented  the  chief 
dilViculty  in  the  enj.,^ineerin,tj  i)rol)leni. 

When  the  earlier  elTorts  at  tunnelin;.^ 
under  the  lludson  were  made,  the  meth- 
ods of  air  i)ressure  and  timber  bracinp: 
were  nearly  as  jijootl  as  they  are  now, 
but  the  methods  of  excavation  and  tun- 
nel-linincT  were  nuich  inferior.  Picks  and 
shovels  then  tonk  the  place  of  the  power- 
driven  cuttiii'^'-  shield  of  to-day.  Instead 
of  beinjjf  able  to  follow  such  a  shield 
with  the  tunnel  linin.cf.  as  is  now  done, 
the  older  workmen  relied  on  the  pressure 
in  the  air  chambers  to  drive  back  in- 
comin<j  water,  and  in  a  measure  also  to 
sustain  the  unlined  walls.  Timber  brac- 
incf  an<l  brick  work  were  used  as  further 
vti|>|..  ft-       1  i-.'tk-    wcTf    niiiiiirr)u*^.    anil 


sometimes  the  river  watt  r  broke  in  and 
the  workmen  were  drowned. 

The  shields,  which  have  chanj^ed  all 
these  conditions,  are  constructed  of  boiler 
plate,  strenj^'tluiied  by  \  steel  webs 

and  «livided  into  conii-..  ...v  ills.  They 
are  thirteen  feet  in  Ienj4:th  by  twenty  feet 
in  diameter,  w  ith  a  bardenetl  steel  cutting 
•  lure  fifteen  inches  loiitf  and  three  inches 
::.:ck  at  the  workini^  en<l.  liehiiul  this 
comes  what  is  known  as  the  outside 
dia|)hra![^ii,  which  has  several  openinjjs 
to  let  in  the  mud  which  is  <Iisplace(l  by 
the  shield's  advance.  The  entire  sliieM  is 
forced  forwards  by  hydraulic  jacks  with 
a  pressure  of  about  2,000  tons. 

As  the  shield  is  advanced  by  this  cmr- 
mous  pressure  upon  it,  it  forces  the  silt 
to  either  side  antl  u])war<l — as  one  mij^ht 
push  a  stick  throucrh  a  cheese.  As  the 
shicM  ])ro<^resses — twenty-five  inches  at 
a  time,  in  about  forty  minutes — a  rinjj 
of  ca.st-iron  |)lates.  the  permanent  lininpf 
of  the  tunnel,  is  forced  into  place  behind 
il  by  hy«lraulic  pressure,  and  riveted  in 
position. 


EXCAVATING  AND  REMOVING  DIRT  AND  ROCK. 
A  typical  scene  in  the  construction  of  New  York's  creat  subway. 
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The  method  by  which  the  shield  is 
forced  forward  and  the  vm^s  of  the  tun- 
nel linino^  bolted  into  i)osition  behind  it, 
will  readily  be  comprehended,  even  by 
the  non-technical  reader.  The  operation 
is  simplicity  itself.    As  has  been  said,  the 


two  feet  wide;  and  the  rings  are  bolted 
together  through  flanges  that  run  along 
their  edges. 

The  power  which  works  the  jacks  and 
pushes  the  shield  along  its  course,  comes 
from  hydraulic  engines  at  the  top  of  the 


LOOKING  NORTH  IN  34TH  STREE7   TUNNEL,  NEW  YORK  CITY. 
In  central  foteBround  is  a  manhoie,  showing  ends  of  electric  cable  conduits. 


shield  is  thirteen  feet  long,  the  front  part 
being  armed  with  the  ordinary  cutting 
edge  running  around  the  rim.  Five 
feet  from  the  after  end  of  the  shield  a 
wall  is  constructed  ;  and  around  the  inner 
circumference  are  sixteen  hydraulic 
jacks,  each  capable  of  exerting,  if  neces- 
sary, a  pressure  of  5,000  pounds  to  the 
square  inch.  Using  the  completed  tunnel 
behind  as  a  base  to  push  against,  the 
shield  is  driven  forward  through  the 
river  mud,  which  it  forces  away  on  every 
side.  As  the  five-foot  space  behind  the 
after  wall  of  the  shield  fits  over  the  end 
of  the  tunnel  proper  like  a  cap,  keeping 
the  whole  water-tight  and  clean,  all  that 
the  workmen  have  to  do  is  simply  to  bolt 
the  sections  of  the  tunnel  together  as  the 
shield  advances  and  leaves  within  its  tail 
the  space  for  a  new  ring.     Each  ring  is 


shaft  at  the  New  Jersey  side  of  the  tun- 
nel, and  is  conducted  to  the  valves  of  the 
jacks  through  a  three-quarter-inch  pipe. 
When  the  shield  has  been  forced  from 
shore  to  shore,  the  tunnel  is  ready  for 
trains.  There  is  no  ballasting  to  be  done, 
no  calking,  nor  other  finishing  touches. 
The  tracks  have  kept  pace  with  the  tun- 
nel, as  the  tunnel  has  with  the  shield. 

The  single  dramatic  element  in  the 
steady,  systematic  advance  of  the  great 
shield,  is  involved  in  the  fact  that  be- 
tween the  lining  of  its  tail  end  and  the 
permanent  lining  of  the  tunnel  there  is 
always  a  space  of  an  inch  or  more  which 
is  left  unprotected ;  and  where  the  mud 
covering  of  the  river  bed  is  very  soft, 
and  the  bed  itself  is  not  far  off,  there  is 
danger  of  the  compressed  air  from  within 
blowing  the  silt  away    and    leaving    an 
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ai)crtiirc  open  to  the  direct  action  of  the 
water,  ai^ainst  wliicli  the  conipresscd  air 
Would  l)c  no  i)ri)tcctic)n. 

Early  in  1903.  when  nndcr  the  middle 
of  the  river,  with  seventy-five  feet  of 
water  overluad.  the  shield  in  the  first 
of  the  New  York  &  Xew  Jersey  Com- 
pany's tunnels  encountered  a  ledjjc  of 
rock  and  was   injured.     The   work  was 


earth,  and  the  men  were  face  to  face  with 
the  river.  The  scam  was  effectively 
stoppe«l  up  with  haj;s  of  sawdust  and 
rajjs ;  hut  could  the  shield  he  moved 
ahead  the  full  remaininfj  ilistancc  till  the 
l^ennanent  lininj^  c<<nld  he  forced  in  he- 
hind  \{^ 

A  chance  which  was  almost  desperate 
was  taken.     I'ull  air  ])ressurc  was  turned 


NoKrH   KIVtK  TlNNhL. 
View  sbowins  portion  of  work  first  completed. 


delayed  while  a  Inilkhcad  was  huilt  out  in 
front  of  the  shield  and  the  shield  re- 
paired. Pressin.c:  for  eleven  days  a.i^fainst 
the  little  strip  between  the  shield  and  the 
last  plate  of  the  tunnel,  the  compressed 
air  one  day  forced  the  opening  clear  of 


on,  and  a  battle  with  the  IIiuLson  bcfifan. 
As  the  shield  slowly  advanced  the  water 
bcpfan  to  pnur  in  around  the  brim.  The 
men  jumped  to  the  sawdust  bapfs  which 
had  been  provided,  and  bcpfan  pushing 
them  against  the  widening  opening.     As 
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INTERIOR  OF  APRON  IN  FRONT  OF  BORING  SHIELD. 
View  taken  five  minutes  before  a  shove  was  made. 


the  shield  moved  on  an  inch  at  a  time, 
the  water  increased  in  vokime ;  and  when 
fifteen  inches  had' been  traversed  the  men 
were  in  w-ater  up  to  their  knees — twenty 
inches ;  and  coats,  vests,  and  shirts  were 
stripped  off  to  supplement  the  sacks  in 
the  breach.  Then  came  the  final  two 
inches,  and  as  the  last  sacks  were  not 
enough,  two  of  the  workers  seized  an- 
other of  their  number  and  thrust  him 
bodily  into  the  opening  and  held  him 
there.  Then  the  plates  were  lifted  and 
bolted  into  place.  Three  times  the  bat- 
tle was  repeated  before  the  doors  back  of 
the  cutting  block  were  forced  open  by 
the  mass  of  mud  they  encountered. 

The  bed  of  the  Hudson  is  not  all  soft 
mud,  and  the  presence  of  occasional 
rocks  has  created  some  interesting  prob- 
lems. In  building  the  north  tube  of  the 
New  York  &  New  Jersey  tunnel,  the 
workmen  came  upon  a  mass  of  rock 
about  800  feet  through.  How  to  pene- 
trate this,  was  solved  by  building  trap 
doors  in  the  shield,  which  formed  aprons 
over  the  heads  of  the  workmen,  through 
which  they  could  drill  the  rock  and  blast 
it,  always  being  protected  by  the  shield's 
lt)ulkhead,  and  with  the  completed  steel- 


walled  tunnel  back  of  that.  One  day  the 
workmen  came  upon  a  monolith  which 
was  the  occasion  of  much  perplexity,  and 
also  of  another  innovation  in  tunnel  op- 
erations. Every  known  method  for  es- 
tablishing a  firm  bed  on  the  river  bottom' 
overhead,  in  order  to  prevent  the  water 
from  leaking  down  upon  them,  was  tried  ; 
but  still  the  water  poured  through. 
Boatload  after  boatload  of  clay  was 
dumped  overboard  from  scows  in  the 
river,  but  to  no  avail.  Finally  the  ex- 
periment was  tried  of  turning  an  im- 
mense flame  on  the  clay  from  underneath. 
The  experiment  was  completely  success- 
ful :  the  clay  w-as  completely  vitrified, 
and  a  perfect  roofing  was  formed. 

Sanitary  conditions  in  the  tunnels  now 
being  constructed  around  New  York 
have  kept  pace  with  the  advance  in  engi- 
neering methods.  Transportation  in  the 
tunnels  is  by  electric  motors ;  and.  as  all 
the  lighting  is  electric,  the  air  remains 
comparatively  pure.  Workmen  are  never 
permitted  to  go  immediately  from  the 
compressed  air-locks  into  the  open  air, 
but  are  required  to  pass  through  com- 
partments which  prepare  them  gradually 
for  the  change.    Nor  is  there  a  possibility 
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of  the  occurrence  of  any  accidcni  ui 
which  news  cciiiKl  not  he  connnunicate«l 
instantly.  All  alonj^  the  line  of  the  tun- 
nel are  installed,  as  fast  as  the  iron  rinj^s 
are  put  in  i)lace.  electric  wires  c-mnnuni- 
cating^  with  the  exit  and  with  the  chief 
enj^ineers  office  in  N'ew  York  City.  Sit- 
tinij  in  this  oftice,  Mr.  Jacol)s  can  talk  by 
tele[»hone  with  any  workman  di.u:t,Mnpf  in 
the  shield  fifty  feet  or  so  under  the  ht<l 
of  the  river. 

The  same  method  employed  in  pushing 
the  tunnel  under  the  river  will  he  useil 


llie  nortlieni.  is  <. 

and  the  other,  lii:     .....     .  , ... 

proof  cars  are  heinjj  constructed  for  the 
train  .service;  and  the  runnin^j  time  from 
terminal  to  terminal  will  he  seven  min- 
utes, with  ;i  train  every  minute. 

Thr  Pennsylvania  Tunnel 

The  Temisv  !\.iiiia  l\.iih">>ad>  tuimel, 
which  from  its  llackensack  portal  to  its 
•  xit  on  I.onp  Island  will  he  a  trifle  under 
.six  miles  lonp,  is  beinjj  j)Ushed  imder- 
neath  the  Ihnlson  hy  practically  the  .same 
methiids  as  those  employed  hy 
il  the  N'ew  N'ork  &  Xew  Jersey 
"  Company.  There  is  this  ditler- 
ence  hetween  the  two,  lunvevcr, 


in  constructin.L^  the  new  suhway 
uniler   Sixth    .\venue.     Already 
more  than    a    thousand    feet  of 
tunnel  have  !)een  constructed  in 
this     maimer     while     a     steady 
stream  of  street  traf^ic  has  been 
in     proijrcss     overhead.     Many 
feet  below  the  surface  of  Mor- 
ton   and    West    Tenth    streets, 
in   Manhattan,  the  steel  shieM,  with  the 
iron   rin,q;s   followinp;'  it,  has  worked   its 
way  underneath  the  tracks  of  the  Xew 
York     Central     Railroad,     with     heavy 
freig-ht  trains  passin.c:  alonp^  them  ;  under 
the    supports    of    the    elevati-d    railroad 
structure:  and  past  the  foun<lation  piers 
of  g^reat  buildinp^s. 

The  total  lenjrth  of  the  New  York  & 
Xev  Jersey  tunnel  is  9.200  feet.  t.'Vk) 
of  which  are  under  water.     One  tube, 


CLEANING  LP  AFTER  A  SHOVE. 

that  the  IVnnsylvania  tunnel  will  pass 
almost  entirely  throui^h  silt  ;  andalthoUi,'h 
this  is  sufticicntly  firm  to  preserve  the 
tunnel  itself  in  perfect  alij.,Miment,  it  was 
considered  that  provision  should  be  made 
for  supportincf  the  moving"  train  loads 
independently  of  the  timnel  shell.  The 
problem  thus  presented  is  beinp;-  solved  by 
driving'  a  line  of  massive  cast-iron  screw 
piles  throujc^h  the  floor  of  the  tubes,  at 
15-foot  intervals,   with  their  heads  i)ro- 
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jecting^  within  the  tubes,  and  by  capping 
the  piles  with  a  system  of  heavy  trans- 
verse girders  and  longituchnal  stringers, 
upon  which  the  track  rails  will  be  laid. 
The  heavy  load  of  the  trains  thus  will  be 
received  by  the  piles ;  and  any  possible 
slight  settlement  of  them  would  not  af- 
fect the  tubes,  which  would  act  simply 
as  an  envelope  for  the  protection  of  the 
trains.  Of  the  total  of  about  25.000  feet 
of  cast-iron  single-track  tunnel,  about 
12,000  feet  will  be  reinforced  by  screw 
piles. 


of  a  special  hydraulic  ratchet  arrange- 
ment bolted  to  the  head  of  the  pile ;  and, 
as  one  section  is  carried  down,  another 
seven- foot  section  is  bolted  to  it,  the 
process  continuing  until  rock,  or  at  least 
impenetral)le  liottom,  is  reached. 

The  core  of  mud  inside  the  hollow  pile 
is  excavated  for  a  depth  of  twelve  feet 
below  the  tunnel  tube,  and  the  space  filled 
in  with  concrete.  After  the  pile  has  been 
driven,  the  last  section  is  renioved,  cut 
to  exact  length  to  bring  it  flush  with  the 
floor  of  the  tube,  and  replaced  and  bolted. 


THE  28TH  STREET  STATION  OF  THE  NEW  YORK  SUBWAY. 


Placing  the  Piles 

The  following  is  the  method  by  which 
the  piles  on  wdiich  the  tunnel  rests  are 
sunk : 

At  stated  intervals  in  the  shell  of  the 
tunnel  corresponding  to  the  desired  posi- 
tion of  the  piles,  plates  are  cast  w^ith 
flanged  holes.  After  a  certain  length  of 
the  shell  has  been  driven,  it  is  bulkheaded 
off,  placed  under  pneumatic  pressure,  and 
the  piles  screwed  down  from  the  interior. 
The  piles  are  27  inches  in  outside  diame- 
ter, and  they  are  made  in  seven-foot  sec- 
tions. The  pile  is  screwed  down  bv  means 


Above  the  cap  of  each  pile  are  bolted 
heavy  transverse  girders  :  and  upon  these 
girders,  bridging  the  intermediate  space 
of  fifteen  feet,  are  a  pair  of  longitudinal 
girders,  upon  wdiich  the  railroad  tracks 
are  laid.  By  this  means  the  weight  and 
impact  of  the  heavy  trains  are  borne  di- 
rectly by  the  piles. 

Without  describing  in  detail  the  mode 
of  construction  being  employed  in  the 
Pennsylvania's  tunnel  operations,  which 
would  be  quite  impossible  within  the 
limitations  of  space  of  the  present  article, 
it  is  interesting  to  note  some  of  the  pre- 
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cautions  which  are  hcini^  taken  to  provide 
against  the  possihihty  of  any  form  of 
accident,  lire  within  the  coniplotod  tun- 
nel will  he  iiupossihlc.  All  cars  which 
run  throuj^di  it  will  he  fireproof,  and 
nothini::^  in  the  tunnel  of  any  description 
will  he  intlaininahle.  There  will  he  no 
connection  hctween  the  operatinj^f  power 
and  the  electric  litrhting-,  so  that  a  hrcak 
in  one  will  not  involve  the  other.  Two 
concrete  sidewalks,  on  a  level  with  the 
windows  of  the  cars,  w  ill  p:ive  convenient 
egress  for  passengers  in  case  of  a  break- 
down ;  and  the  tunnel  tuhes — of  i  ■'4-inch 
cast  iron,  lined  with  eighteen  inches  of 
concrete — will  he  able  to  withstand  any 
possible  shock  to  wh.ich  they  may  he  sub- 
jected. The  sidewalks  also  will  consti- 
tute a  chamicl  for  the  trains,  jjrcventing 
them  i.i  case  of  derailment  from  coming 
into  contact  with  the  walls.  The  greatest 
weight  which  the  tunnel  and  its  support- 
ing piles  will  have  to  carry  at  any  one 
point,  will  be  a  lOO-ton  electric  locomo- 
tive, distributed  over  a  length  of  30  feet. 

A  New  Method  of  Construction 

The  innovation  in  tunnel  construction 
which  I  have  mentioned  as  having  been 
introduced  in  the  building  of  the  rapid 
transit  subwav  under  the  Harlem  River, 


is  the  invention  of  P.  I).  .Mcliean.  the 
sub-contractor  on  that  section.  It  is  es- 
pecially interesting  as  compared  with  the 
shielil  method  eiuployed  underneath  the 
Hudson.  It  is  mucli  simpler  than  the 
shield  method,  and  can  be  employed  in 
soft  silt  which  would  not  withstand  the 
air  pressure  necessary  for  the  latter. 
Whether  it  would  lend  itself  to  ap])lica- 
tion  under  the  conditions  met  with  below 
the  Hudson,  has  not  yet  been  detennincd 
by  practical  test,  l)Ut  there  is  reason  to  be- 
lieve that  it  ir.ight. 

The  difticulty  of  constructing  the  sec- 
tion of  the  subway  under  the  1  larlem 
which  led  the  contractor  to  try  a  nrw 
device,  lay  in  the  treacherous,  (juicksand 
character  of  the  river  bed  and  the  many 
springs  there,  which  rendered  the  or- 
dinary methods  impracticable.  At  first 
the  method  adopted  was  to  dredge  the 
river  bottom,  and  enclose  the  space  U^r 
the  tunnel  by  a  heavy  line  of  12-inch 
piling  on  each  side,  on  top  of  which  a 
roof  was  jilaced.  forming  a  long,  hulk- 
headed  section.  This  was  the  process 
adopted  on  the  Manhattan  side.  When 
he  caiue  to  flo  the  Uronx  iii<l.  the  con- 
tractor decided  to  make  the  tunnel  do 
some  of  its  own  work:  and.  omitting  the 
wooden   roof,  he  sank  in  its  place  the 
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finished  upper  half  of  the  tunnel.  Then, 
working  under  the  upper  half,  and  em- 
ploying compressed  air,  he  built  the  lower 
and  completing  half.  The  top  of  the 
tunnel,  which  is  packed  around  with  con- 
crete, is  about  12  feet  below  the  river 
bed,  and  52  feet  below  high  water.  It  is 
difficult  to  describe  the  actual  process  of 


The  sheet  piling  was  then  driven  in  place 
to  form  the  sides  of  the  tunnel  caisson, 
a  diver  being  stationed  below  to  ensure 
proper  setting  of  the  piles. 

The  assembling  of  the  upper  half  of 
the  tunnel  was  performed  on  a  pontoon 
constructed  between  the  working  plat- 
forms,   this    upper    roof   being   built    in 


TUNNELING  UNDER  LOWER  BROADWAY  FOR  RAPID  TRANSIT  SUBWAY. 
The  tunnel  route  here  shown  in  part,  extends  from  the  Battery  at  the  lower  end  of  Manhattan  Island, 

across  the  East  River,  to  Brooklyn. 


construction  followed  within  the  space  at 
command.  In  its  outlines,  however,  the 
method  is  as  follows : 

A  channel  was  first  dredged  along  the 
line  of  the  tunnel,  along  each  side  of 
which  piling  was  driven  to  support  two 
working  platforms.  In  the  channel,  rows 
of  foundation  piles  were  driven  at  inter- 
vals of  eight  feet,  and  cut  ofif  about  20 
inches  below  the  spring  line  of  the  tunnel. 


three  sections  to  facilitate  handling.  The 
ends  of  the  half-tunnel  were  closed  by 
vertical  diaphragm  plates,  and  the  bot- 
tom was  closed  by  a  heavy  wooden  floor- 
ing. After  the  metal  shell  had  been  cov- 
ered with  concrete,  the  pontoon  was  sunk, 
the  tunnel  section  being  lowered  into  the 
water  until  it  sank.  The  pontoon  was 
then  drawn  out,  and  loose  stone  was 
loaded  on  the  tunnel  section,  which  was 
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lowered  to  position  on  the  sheet  pil- 
ing;, careful  nieasurenu-nts  beinjj 
taken  to  hriiiLj  it  to  perfect  align- 
ment. A  iliver  then  renuived  a  plate 
of  the  tunnel  .shell,  entered,  and 
hiiltetl  the  end  tlanj^es  of  the  tuiniel 
to  the  tlanj^es  of  the  shore  sectidu. 
The  plate  was  then  aj^ain  bolted  in 
l)laee.  the  water  was  pumped  out  an<l 
air  pumped  in. 

The  metho«l  just  described  makes 
possible  easy  j^^rades  in  sub-river 
tunnelin<j ;  an<l  tunnels  matle  by  it 
ma\  be  of  any  shape  or  dijuension, 
with  partitions  and  intercomnnnii- 
catint:^  (ipminj^s  not  possible  by  lb-- 
shield  process. 

The  Fast  River  Tunnels 


The  rapid  transit  borin.i;s  untler- 
neath  the  I'.ast  River  are  beini;  prosecuted 
In  the  shield  methi>(l.  b'orty-tive  borinji^^s 
were  tirst  made — from  rafts  anchored 
above — in  the  river  bottom,  alonij  the 
proposed  line  of  the  tunnel,  to  ascertain 
the  nature  of  the  ground.  Eleven  of 
these  were  ma<le  with  diamond  drills 
throuijh  rock  :  and  the  others  were  wash- 
borings.  They  showed,  at  a  depth  of 
ninety-seven  feet  below  mean  tide  water, 
at  the  middle  of  the  river,  that  the  tunncf 
would  jienetrate  gneiss  rock  from  the 
Battery  to  a  point  under  the  middle  of 
the  river;  and  thence  sand,  with  a  single 
spur  of  rock,  two-thirds  of  the  way  to 
the  Brooklyn  shore.  Excavation  began 
early  in  1S93,  and  the  work  will  be  com- 
pleted some  time  next  year.  Two  sepa- 
rate tumiels  are  being  built,  of  the  same 
type  as  the  New  York  &  Xew  Jersey 
Company's  tuimels. 

During  the  progress  of  the  shield  bor- 
ing in  the   I'rooklyn  section  .some  time 
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Thcso  devices  are  located  at  inlervuU  along  (ho  route  of  the 
tunnels. 

ago.  the  compresse<l  air  in  the  chamber 
literally  blew  out  the  river  bottom,  en- 
dangering for  a  time  the  lives  of  the 
workmen  in  the  tunnel.  The  trouble  was 
overcome  by  dropping  bags  of  sand  from 
a  vessel  anchored  in  the  river  overhead 
until  the  break  was  repaired. 

I'esides  the  tunnel  operations  men- 
tioned, two  other  subterranean  projects 
of  considerable  magnitude  will  be  l)egun 
around  Xew  York  in  the  near  future. 
(Jne  of  these  will  be  a  tunnel  from  F,x- 
change  Place,  in  Jersey  City,  to  Cortlandt 
Street,  in  Xew  York,  there  to  connect 
witli  the  rapid  transit  subway  to  Brook- 
lyn and  to  the  Bron.x.  This  will  be  un- 
dertaken by  practically  the  same  com- 
pany as  that  which  is  constructing  the 
Xew  York  &  Xew  Jersey  tunnel.  A 
fourth  separate  tunnel  system  under  the 
Hudson  River  has  also  been  projected  bv 
the  Delaware.  Lackawanna  &  Western 
Railroad. 


U.  S.  DEPARTMENT  OF  AGRICULTURE.  WASHINGTON,  D.  C. 
In  the  backfiround  at  left  is  the  Smithsonian  Institution. 


Electroculture 


Work  of  a   New   Government   Laboratory  in  Forcing  Plant  Growth  by  Electrical 

Treatment 


By  JOHN  ELFRETH  WATKINS 


ONE  of  the  favorite  feats  of  the 
Oriental  ju^2:g-ler,  or  so-called 
"adept,"  is  the  planting  of  vege- 
table seed  which  seems  to  ger- 
minate almost  instantaneously,  developing 
into  a  tree  or  a  vine  from  which  burst 
forth  green  leaves  or  blossoms,  or,  per- 
chance, edible  fruit. 

Thus  to  speed  the  hand  of  Dame  Na- 
ture has  seemed  to  the  Western  tourist  a 
miracle ;  and  science  has  long  pondered 
over  an  explanation  of  the  clever  "trick," 
if  such  it  be. 

In  a  modest  two-story  dwelling,  upon 
the  street  lining  the  rear  of  the  United 
States  Department  of  Agriculture,  a 
corps  of  Yankee  scientists  has  planned  to 
hasten  Nature's  hand  in  plant  growth ; 
but  it  claims  no  esoteric  touch,  beyond 
that  of  the  subtle  and  unfathom.ed  fluid 
which  we  call  "electricity."' 

This  little  building  has  been  converted 
into  a  laboratory  of  the  Bureau  of  Plant 
Industrv.    whose    scientists    have    lately 


surprised  the  world  through  their  "in- 
vention" of  new  vegetable  species.  New 
apparatus,  imported  from  abroad,  is 
being  installed  to  apply  the  electric  stimu- 
lus to  soil  planted  with  various  seeds, 
and  directly  to  the  growing  seedlings 
themselves. 

Dame  Nature  has,  indeed,  proved  too 
slow  for  these  progressive  days  of  ours ; 
but  who  can  gainsay  that  the  soil  which 
now  gives  up  one  yield  of  shrub  or  flower 
or  plant  will  soon  be  forced  to  bring  forth 
several  crops  each  season ;  or  that  the 
agriculturist  will  before  long  have 
learned  to  realize  from  each  acre  of  his 
land  several-fold  more  of  profit? 

The  general  investigation  of  the  influ- 
ence of  electricity  upon  plant  growth  was 
begun  in  this  laboratory  last  autumn  ;  but 
no  information  as  to  results  will  be  com- 
municated to  the  outside  world  within 
the  next  year,  at  least.  The  tests  will  be 
entirely  along  the  line  of  applying  elec- 
tricity directly  to  the  plant,  to  the  soil  in 
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which  it  ^Tows.  or  to  the  atmosphere  sur- 
roundiufj  it. 

Methods  of  Experiment 
Prof.  D.  T.  Galloway,  chief  of  the 
rUireau  of  Plant  Iii»lu>try,  has  assijjncd 
this  important  work  to  the  directive 
charR^c  of  Chief  Albert  V.  Woods,  of  tin- 
division  of  vet^etahk-  physiolcijij^y.  Chiei 
\yoods  has  imported  from  ahro'ad  a  spe- 
cial induction  coil  fnr  pro.luciiii;:  the  cur- 
rents with  which  the  plants  will  he  stimu- 
lated ;  a  special  y:alvanumeter  for  measur- 


Plants  are.  in  fact,  k"  ^^'n;;  ri-Luic 
batteries.  There  is  found  to  Ik-  in  livin^j 
vejretahle  life  an  electrical  potential,  sjuch 
as  is  j^nven  off  hy  the  electric  eil  and  by 

other  animals,  but  in  much  !>        ' ' 

It  is  fitund.  for  examj)le.  that  \ 
intj  by  wire  the  two  extremities  of  a  sced- 
of  the  ohl  world  horse  bean,  an  elec- 
iiotive    force  "<"  .  m. -t,.i>ii>    ..{  ^   y,,|j 
may  be  obtained. 

In  the  course  of  the  preliminary  tests. 
pl.ints  will  be  electriluil  by  pa>siii«j  cur- 
rents throu;.,di  the  soil  in  which  thev  are 


MKASIRING  SPEED  OF  PLANT  GROWTH  INDHR  ELECTRICAL  STIMI  LI  S. 
The  raie  of  growth  i«  aulomatically  recorded  by  .-,  pen  pressinu  acainsl  ihe  paper  on  the  rcvolvinB  dium. 


incf  the  current's  strcnqfth  :  and  a  s()ecial 
potentiometer  for  measurint;  differences 
in  potentials. 

In^^enious  speedometers — so  to  sjjcak 
— for  measuring  the  plant's  rapidity  of 
firrowth.  will  also  be  employed.  One  of 
these  instruments  holds  the  top  leaf  of 
a  see<llin.e:  by  a  clasp;  and,  as  the  plant 
increases  in  stature,  a  lever  fastene<l  to 
the  clasp  moves  upward,  recording:  its 
movement  with  a  fountain  pen  whose 
point  rests  upon  a  i)aper  recf)r(l.  wound 
about  a  drum  slowly  revolving;  at  a  j^iven 
speed.  Thus  the  investiijators  may  lit- 
erally sec  the  plant  fi:row.  The  first  tests 
will  be  a  review  of  certain  preliminarv 
experiments  in  the  same  line  by  foreit,^! 
plant  physiolo_t,^ists.  Reports  of  all  such 
experiments  hitherto  attempted  have 
been  gathered  by  Chief  Woods. 


i;ro\vin.t,'.  IVom  day  to  day  they  will  be 
compared  with  untreated  plants  of  the 
same  a.t^'-e  anri  kind.  It  has  laiii  discov- 
ered that  when  metallic  plates  have  been 
simk  on  either  side  of  growing  pea  seeds, 
and  when  a  current  from  a  single 
cill  has  been  passed  from  one  plate  to 
another,  the  electritud  seed.  althoui,di 
germinating  or  sprouting  later  than 
normal  ones,  will  outstrip  the  latter  at 
the  end  of  45  days. 

If  a  coil  of  wire,  partly  stripped  of  its 
insulation  or  covering.  i)e  imbedded  in 
the  grouiKl.  and  if  mustard  sei-d  be 
I)lanted  along  it.  the  sprouted  seedlings 
near  the  uncovered  part  of  the  wire 
which  allows  the  electricity  to  leak  out, 
w.II.  at  the  end  of  the  week,  be  one-third 
larger  than  the  seedlings  growing  along 
the  covered  portions  of  the  wire  allow- 
ing no  electric  leakage. 
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r.eans  were  divided  into  equal  lots  by 
one  experimenter,  who  planted  each  lot 
in  a  Jxlass  cvlinder.  One  cylinder  was 
set  aside,  it's  beans  growings:  normally; 
but  the  others  were  electrified  by  currents 
passed  throui^^h  them  each  day.  On  the 
fourth  (lav  leaves  commenced  to  appear 
on  the  electrified  bean  plants,  but  not  on 
the  normal  ones.  At  the  end  of  a  week 
the  stimulated  plants  had  attained  con- 
siderable size,  but  the  unelectrified  were 
barelv  commencinor  to  show  themselves 
above  the  soil.  It  has  also  been  observed 
that  plants  thus   stimulated    are    larger 


ting  metallic  plates  into  the  ground,  con- 
necting them  with  wires  reaching  to  a 
building  to  which  visitors  were  denied 
entrance.  Mr.  Bessey  looked  into  the 
storv ;  found  it  to  be  based  on  fact ;  and 
hastened  in  search  of  the  mysterious  in- 
ventor. 

A  meeting  with  the  magician  of  the 
metallic  plates  and  wires  was  arranged 
in  our  consulate-general,  St.  Petersburg. 
Information  was  also  obtained  from  the 
Czar's  Ministry  of  Agriculture  ;  and  it  was 
further  discovered  that  this  imperial  de- 
partment had  just  given  the  inventor  a 
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when  grown  near  the  positive  electrode 
than  when  near  the  negative. 

Some  Russian  Experiments 

To  troubled  Russia,  Mr.  Ernst  Bes- 
sey, a  botanist  of  the  Bureau  of  Plant 
Industry,  lately  journeyed  to  make  some 
special  studies  in  this  interesting  science. 
While  at  St.  Petersburg,  he  heard  strange 
tales  of  an  inventor  who  claimed  a  secret 
process  of  increasing  the  yield  of  the 
sugar  beet  two  and  one-half  times ;  and 
also  of  greatly  hastening  nature's  produc- 
tion of  cotton  and  grapes.  This  the  in- 
ventor was  alleged  to  accomplish  by  put- 


subsidy  of  loo.ooo  rubles  ($77,000)  with 
which  to  put  his  secret  process  into  op- 
eration in  the  cotton  fields  of  Turkestan. 
It  seemed  unlikely  that  Russia  would 
give  such  a  large  subsidy  for  the  dem- 
onstration of  a  mere  theory.  Mr.  Bessey 
looked  about  him  for  the  proofs  of  the 
wild-sounding  claims.  He  found  that 
the  inventor  had  bargained  with  certain 
rural  Russians  to  have  large  tracts  turned 
over  to  him.  All  that  the  inventor  then 
asked  was  a  guarantee  that  he  should 
receive  one-third  of  the  excess  profit 
realized  from  the  treated  ground.  Thus 
obtaining   the   ground    for    his    experi- 
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mental  purposes,  lir  first  u>(.i\i.u  a  frac- 
tion wlurcon  the  cro])  was  to  j^row  nor- 
mally and  acconlinjTf  to  the  usual  methods 
of  cultivation.  'I'his  area  was  used  as 
a  "check  field."  and  the  yield  determined 
the  excess  from  the  treated  land.  The  lat- 
ter he  j)repared  for  the  tests  hy  thrust- 
ing^ here  and  there  into  the  soil  electrodes- 
connected  1)\'  wire  with  a  central  electric 
station, 

I'iclds  of  many  acres,  with  imiform  fer- 
tilizatif)n  and  cultural  methods,  were  thus 
ol)taine(l  l)y  the  inventor.  Accordin<:j  to 
Mr.  Uesscy's  letter,  recently  received  at 
the  I'ureau  of  Plant  Industry  and  not 
yet  made  puhlic.  the  imtreated  su^ar 
Wets  in  the  "check  fields"  ijave  last  .sea 
Son  19  per  cent  of  sui^Mr.  The  electrified 
beets  pave  22  per  cent,  and  were  ready 
for  harvestini^^  some  weeks  earlier  than 
those  of  the  untreated  fields.  The  elec- 
trically treated  soil,  furthermore.  yieMeil 
apparently  twice  as  pfreat  a  wei}.;:ht  of 
beets  as  was  yielded  by  the  normal" 
fields.  Thus,  by  doubling;  the  weight  of 
the  beet  and  increasinj:^  the  suj^ar  con- 
tents of  each  l)eet  electrically  enlarj^ed, 
about  two  and-  one-half  times  as  much 
susijar  was  obtained  from  the  electrifie<l  as 
from  the  normal  soil,  and  in  much 
shorter  time.  If  this  system  is  what  it  is 
alleged  to  be,  the  Bureau  of  Plant  Tn- 
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Iu>try    will   experiment    with    it    in    this 
•ouiitry. 

Electricity  at  Atfriciiltural  Fxpcrimcnt 
Stations 

Prof.  C".  W.  Warner  of  the  Agricultural 
b'xperiment  Station  at  Amherst.  Mass.. 
some  years  ago  devised  an  exi)erimental 
electric  garden.  Its  soil  was  undermined 
at  a  depth  of  two  inches  with  a  con- 


Nkw  Electrical  Laboratory  of  Plant   IsuibTRy 

Bl'KEAU. 


292 


THE    TECHNICAL    WORLD 


tinuoiis  copper  wire,  which  recrossed  the 
plot  at  intervals  of  a  few  inches,  and 
which  was  fed  with  a  ciurcnt  by  appa- 
ratus in  a  neighboring  building.  After 
supi)l\  ing"  current  of  varying  strength,  it 
was  found  that  many  varieties  of  seeds 
sprouted  much  more  rapidly,  many  plants 
blossomed  much  earlier,  many  ot  tlie 
roots  and  many  of  the  tops  of  certain 
others  were  nuich  larger,  than  in  the 
normal  garden  adjacent. 

In  some  of  Mr.  \\'oods's  tests  the  air 
in   which   the  plant  is  growing  will   be 


electricity  pervading  the  air  even  on  clear 
days  can  be  thus  drained  off  sufficiently 
to  stimulate  the  growth  of  certain  vege- 
tables. 

Air.  Woods  may  cover  a  small  part 
of  a  field  with  fine  parallel  wires  about 
a  yard  apart  and  provided  with 
metal  points  at  intervals.  This  will 
be  supplied  with  current  during  about 
eight  hours  each  day  for  several  months. 
Preliminary  experiments  with  this 
method,  made  in  France  and  .Scandinavia 
by  Lemstrom,  a  celebrated  plant  physio- 
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electrified.  It  has  been  discovered  that 
when  static  electricity  is  discharged  upon 
growing  seedlings  in  a  spray,  so  to  speak, 
through  a  wire  breaking  up  into  fine 
points,  there  is  an  increase  in  growth. 

/Vt  the  Utah  Agricultural  Experiment 
Station,  preliminary  tests  were  made 
about  1894  to  gather  atmospheric  elec- 
tricity and  stimulate  vegetable  growth 
therewith.  A  pole  some  twenty  feet  tall 
was  topped  with  a  long  wire  terminat- 
ing in  a  metallic  brush,  the  wire  being 
connected  with  a  metallic  grating  beneath 
a  growing  garden  plot ;  and  the  experi- 
ment  seemed   to   demonstrate    that    the 


logist,  showed  that  the  yield  of  a  barley 
field  thus  electrified  was  35  per  cent 
greater  than  that  of  an  untreated  field 
alongside.  The  quality  of  grain,  more- 
over, was  better.  Favorable  results  were 
also  obtained  with  the  same  ap])aratus 
applied  to  malt. 

No  experiments  in  electroculture  had 
heretofore  been  made  by  any  bureau  of 
the  Department  of  Agriculture.  So-called 
"electroculture,"  consisting  in  the  forc- 
ing of  plants  under  electric  light  applied 
during  the  night  as  a  substitute  for  day- 
light— which  really  amounts  to  the 
working  of  plants  "overtime" — has  been 
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attempted  with  success  by  sonic  of  the 
agricultural  experinunt  stations  throuijh- 
out  tlic  country,  tho  n^uhs  attractini; 
considerable  attention. 

Professor  Corbett.  of  the  I'.ureau  of 
Plain  huiustry,  who  ujidertook  part  of 
this  electric  lii^bt  forciu}.,'.  j^nves  the  fol- 
l<.)\vin^  statenuiU  of  the  results: 

" Plants   grown   undt  r   the   light   from 


a  2.ooo-candle-po\vcr  arc  lamp  at  night, 
in  atldition  to  the  influence  uf  the  sun's 
rays  <luring  the  day,  performed  queer 
antics.  They  seemed  to  catch  the  spirit 
of  the  times  for  fast  living;  and.  instead 
of  growing  along  in  the  go<i<l  old  way. 
developing  an  extensive  root  sy.stem  and 
many  leaves,  they  began  at  once  to  i)rc- 
pare  for  seed  time." 


Life 


A  \  /  E  live  in  deeds,  not  years; 
In  thoughts,  not  breaths; 
]  I V         In  feelings,  not  in  figures 

We  should  count  time  by  heart-throbs. 
He  most  lives  who  thmks  the  most, 
feels  the  noblest,  acts  the  best. 

— Philh'  James  Bailey. 


U.  S.  Naval  Proving  Ground 
at  Indian  Head 

Describing   the  Severe   Tests  to   which  Ordnance,  Projectiles,   and   Armor-Plate 

are  Subjected 


By  ROBERT  G.  5KERRETT 

Formerly  of  the  Navy  Department,  Washington,  D.  C. 


TlIK  nearest  peace-time  approach 
to  actual  warfare  is  the  work  of 
the  Naval  Proving  Ground  at 
Indian  Head,  -Maryland,  in  its 
multiple  duty  of  testing  all  that  pertains 
to  tlie  defensive  and  the  offensive  ord- 
nance equipments  of  our  modern  men-of- 
war.  There  it  is  that  our  guns,  great 
and  small,  speak  in  the  harsh  voice  of 
conflict;  and  there  it  is  that  the  pro- 
jectiles that  are  to  break  down  the  shel- 
tering bulwarks  of  an  enemy  are  sent 
against  samples  of  the  very  armor  that 
is  to  guard  the  "vitals"  of  our  own 
fighting  craft.  As  near  as  possible,  the 
conditions  of  war  are  simulated,  tliat  the 
resultant  data  may  reliably  foretell  the 
probabilities  of  the  day  of  strife ;  and 
one  hour  spent  at  Indian  Head  will  tell 
more  of  the  might  of  modern  guns  and 
the  resisting  power  of  the  best  of  case- 
hardened  armor,  than  whole  books  of 
statistics  and  the  material  presence  of  the 
greatest  of  our  ships  themselves. 


In  1890.  the  Naval  Proving  Ground 
was  transferred  from  Annapolis,  Mary- 
land, to  its  present  site  at  Indian  Head — 
twenty-five  miles  down  the  Potomac 
River,  below  Washington — in  order  that 
the  place  of  proof  might  be  conveniently 
near  the  Naval  Gun  Factory,  and  ma- 
terials conveniently  located  for  easy 
transport  by  water.  The  wisdom  of  the 
change  has  been  amply  proved,  and,  the 
site  being  within  easy  reach  of  Congress, 
has  afforded  a  beneficial  object-lesson 
to  our  national  legislators. 

In  the  ordnance  equipment  of  our 
men-of-war,  nothing  is  taken  for  grant- 
ed, and  everything  that  contributes  to 
that  phase  of  our  fighting  craft  is  care- 
fully proved  before  it  becomes  a  working 
part  of  our  guardians  of  the  peace.  The 
wisdom  of  this  has  been  established  be- 
yond question  ;  and  the  few  accidents  we 
have  had  in  our  service  have  arisen  from 
circumstances  that  even  the  Proving 
Ground  could  not  presage.   Experimental 
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S.  PROVING  GROUND,  INDIAN  HEAD,  MARYLAND. 
The  guns  that  tell  the  story. 
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work  of  a  varied  nature  is  also  carrie<l 
on  at  the  IVt)vinj^  (Iround;  an«l.  in  ad- 
vance of  chanjjes  in  any  direction,  new 
dcvici-s  of  all  sorts  arc  exhaustively  test- 
ed before  beinp^  accepted  as  fit  for  the 
service. 

Proving  the  Guns 

Fine  and  wonderfully  fabricated  as  arc 
the  gfims  turned  out  by  the  Naval  ("lun 
I'actiiry — they  have  no  superiors  the 
world   over — they   are   not   pcnnitte«l   to 


the  service  tax.  With  the  -'l.  '>t;on  of 
smokeless   powder   as   a   pi  i    for 

our  naval  jjuns,  it  was  found  that  the 
liit;h   chainbt-r   '  -"es   were   '    '       lly 

earricd   well  a!      ..    .    wanl   the   : -s; 

and  during  Rear-Adiuiral  ()N'eirs 
rcjijinie.  all  of  our  bij^.  hij,di-|M)wered 
weapons  were  jacketed  throughout  the 
chase  to  the  very  nui/./le.  The  wisiloni 
of  this  was  exemplified  by  the  accident 
to  one  of  the  lotca's  old-pattern.  12- 
inch   jnms,   the   muzzle   of     which    was 


1)1>,C1IAKI-.L.  v\-   AN  H-SNCM   kll-LE. 
Proving  the  gun.  ami  cslablisbin;:  by  ranee  test  the  proper  charge  of  smokeless  pow<ler. 


take  their  places  amonj^f  the  armaments 
of  our  fijijlitingf  ships  until  after  they  have 
been  tested  at  the  1 'roving  (jround.  Each 
gun,  large  and  small,  as  it  is  completed, 
is  shipped  to  Indian  Head,  and  fired  five 
times,  with  progressive  charges,  until  the 
final  chamber  pressure  is  one  and  a- 
quartcr  times  that  rcquire<l  in  service. 
The  maximum  service  pressure  is,  for 
big  guns,  about  sixteen  tons  to  the  square 
inch  :  and  the  maximum  test,  or  proving 
pressure,  will  be  quite  twenty  tons.  The 
velocities  are  correspondingly  high,  so 
that  an  accurate  test  may  be  had  of  the 
abilitv  of  the  muzzles  to  withstand  safelv 


blown  ofT  (luring  target  practice  last 
year.  This  gun  has  since  been  rc|)aired 
and  strengthened,  an<l  is  now  installed 
at  Indian  Head,  and  will  be  used  in 
solving  some  of  the  problems  connected 
with  its  untimely  retirement  from  active 
service  afloat.  After  a  gun  has  been 
proved,  it  is  stamped  with  a  large  letter 
"P"'  and  the  initials  of  the  ofiiccr  in 
charge  of  the  I 'roving  Clround,  ami  is 
then  carried  back  to  the  Xaval  (iun  I'ac- 
tory  for  final  adjustment  and  its  service 
fittings.  Where  the  i)rivate  manufact- 
ories building  guns  for  the  Xavy  have 
their  own   proving  grounds,   such   guns 
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are  proved  there,  the  i)roof  heiiic:  con- 
ducted by  the  naval  inspector  of  ordnance 
Stationed  there  ;  and  where  the  works  are 
not  so  equipped,  the  guns  are  sent  to 
IniUan  Head. 

The  proving-  of  a  gun  also  involves 
the  proving  of  the  mount  or  carriage 
ujion  wliicli  it  may  have  to  rest  later. 
To  test  the  latter  effectually,  not  only 
must  the  gun  be  tested  at  its  maximum 
proof  pressure  but  the  weapon  must  be 
elevated  so  that  the  maximum  of  stress 
may  l)e  brought  to  bear  upon  the  recoil 
mechanism.  Our  war  with  Spain,  involv- 
ing as  it  did  a  great  deal  of  high-angle 
firing  during  the  bombardment  of  Santi- 
ago especially,  proved  very  trying  to 
some  of  the  mounts  ;  and  the  later  car- 


quicker  than  that  previously  issued.  If 
this  be  the  case,  then  the  charge  must  be 
reduced,  or  the  powder  issued  for  guns  of 
a  caliber  suited  to  this  quicker-acting 
propellant.  Should  the  powder,  on  the 
other  hand,  prove  slow,  then  it  may  need 
further  drying ;  and,  before  issue  to  the 
service,  it  is  sent  back  to  the  factory  for 
treatment,  and  is  subsequently  proved 
again.  A  most  accurate  record  is  kept  of 
every  lot  of  powder  tested. 

One  phase  of  the  proof  of  the  powder 
is  determining  the  range  of  the  firing 
gun.    To  make  this  a  matter  of  nicety  of 
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The  Wickedest  ok  All. 
Latest   12-inch   Naval   Rifle. 

riages  have  been  particularly  tested  for 
this  kind  of  work. 

Testing  the  Po-wder 

Hand  in  hand  with  the  proof  of  a  gun, 
when  it  is  possible,  goes  the  proof  of 
powder,  projectile,  and  armor.  Powder 
is  known  in  the  service  by  its  "index." 
An  "index"  of  powder  is  a  blended  mass 
of  the  propellant  ranging  in  weight  from 
25,000  to  30.000  pounds.  After  such  a 
mass  of  "index"  is  boxed  and  ready  for 
shipment,  a  sam]")le  of  it — its  amount 
being  proportional  to  the  caliber  of  the 
guns  for  which  it  is  intended — is  sent 
to  the  Proving  Ground  for  proof.  Should 
the  proving  show  the  powder  to  be  stable 
and  the  development  of  pressures  nor- 
mal, the  rest  of  the  "index"  is  issued  to 
the  service.  Sometimes  this  particular 
blend  or  "index"  may  prove  to  be  a  little 
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measurement,  the  powder  cliarge  is  care- 
fully determined  only  a  short  while  be- 
fore the  range-firing  is  begun — the  ob- 
ject being  to  oflfset  any  change  in  veloc- 
ity due  to  modification  of  the  powder 
through  drying,  etc.  This  work  is  done 
by  laying  the  gun  at  an  exact  angle  of 
elevation  of  one  degree,  and  training  if 
upon  a  fixed  mark  before  firing.  The 
fall  of  the  shot  is  measured  by  instru- 
ments. This  operation  is  repeated  at 
each  of  the  odd  degrees  up  to  15,  and 
then  back  again  through  the  same  angles. 
The  wind  and  other  atmospheric  condi- 
tions are  carefully  noted  ;  and,  after  these 
deductions,  a  range-table  is  plotted  for 
the  particular  caliber  of  gun  in  question. 

Armor-Plate 

The   Navy  is  now  supplied  with  two 
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kinds  of  shell — armor-piercinp  and  coin- 
nioii :  and  all  of  the  shells  are  most 
carefully  proved  1-efore  a  piven  lot  is 
accti)tfd  from  the  manufacturer  and 
issued  ti)  the  shij)s  of  the  service.  From 
each  lot  manufactured,  one  shell  is  se- 
lected by  the  local  naval  inspector  of 
ordnance,  and  shipped  tt)  Indian  Head, 
If  the  shell  is  an  armor-piercinij  pro- 
jectile, and  of  3-inch  caliber  or  upwanl, 
it  is  cappe<l.  and  is  tired  at  an  armor- 
plate  of  a  thickness  correspondini^  to  the 
caliber  of  the  particular  shell.  If  it 
perforates  the  plate — no  fraj^ment  re- 
maining in  front — from  a  distance  of 
about  lOO  yards,  and  at  a  velocity  ti.\ed 
by  the  I'lUreau  of  (Ordnance,  the  lot  it 
represents  is  acce|)ted ;  otherwise,  not. 
C"«)nunon  shells  are  tired  at  nickel-steel 
|)lates  of  half  their  caliber  in  thickness, 
and  with  just  velocity  enough  to  get 
thnnigh :  and  they  must  come  out  on 
the  other  side  without  sustaining  any 
fracture  that  would  open  up  the  shell 
cavity  in  which,  in  time  of  war.  is  the 
explosive  charge.  iMillowing  this  test, 
the  shell  is  loaded  with  fine-grained 
black  powder,  and  exploded  in  a  suital)le 
chamber   or  bomb-proof.      If   the    frag- 
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mentation  is  satisfactory,  the  lot  is  ac- 
ccfjted  from  the  maimfacturer.  \J\xm 
the  naval  inspector  at  the  steel  works 
rests  the  responsibility  t.f  the  shell  being 
substantially  txpical  of  tJie  particular  lot. 
The  anununiti<in  for  all  guns  of  6-inch 
caliber  and  muler.  is  "ti.xed" — that  is, 
the  powder  and  i»r<ijectile  arc  put  up  in 
cartridges;  an<l  to  insure  the  soim<lness 
of  the  cartridge  cases,  one  out  of  every 
lot  of  a  hundred  is  jiroved  by  being  fired 
si.x  times  at  service  pressure,  after  which 
it  must  be  still  in  perfect  condition.  Xo 
deformation  is  permitted;  and  after  each 
and  every  discharge  it  nnist  be  easy  of 
entry  into  and  extraction  from  the  breech 
of  the  gun.  This  soumlness  of  the 
cartridge  case  bears  directly  up<in  the 
[jrinie  (|Ue.sti(>n  of  rapidity  of  fire,  and  it 
is  vital  that  there  should  le  no  risk  of  cjne 
jamming  at  a  critical  moment  in  the  hour 
of  action. 

In  connecti<^n  with  the  ex])losive  shell. 
the  fuses  that  detonate  them  are  also 
proved.  The  proof  of  a  fuse  consists  in 
dropping  the  fuse,  in  an  unloaded  shell, 
from  a  height  of  thirty  feet,  without  de- 
forming the  tiiechanism  so  as  t(j  expose 
the  detonating  plimger.  The  object  of 
this  test  to  guard  against  ac- 
cidents in  handling  the  shell, 
either  in  hoisting  aboard  .ship 
or  in  its  carriage  up  the  am- 
munition lift.  I'or  a  firing 
test,  the  shells  are  fired  against 
relatively  light  plati-s.  and  only 
a  fixed  per  cent  i>\  failures  is 
allowed  to  each  Int. 


SHELLS  OF  VARIOUS  CALIBERS  FOR  TEST. 
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Nothing-,  perhaps,  is  more  su.s^J^estive 
of  the  niitrht  of  modern  ordnance  tlian  the 
results  of  its  attack  against  the  hardest 
of  carefully  treated  armor.  Then  it  is 
that  we  realize  that  every  thing  in  nature, 
even  tliese  heavy  walls  of  cold  and  seem- 
inglv  unyielding  steel,  is  more  or  less 
plastic.  A  1 2-inch  shell,  with  its  armor- 
piercing  ca]-),  at  a  distance  of  a  thousand 


without  developing  through  cracks  or  permit- 
ting any  shot  to  penetrate  through  the  skin 
plates."' 

Sample  plates  from  every  lot  of  armor 
are  selected  by  the  naval  inspector  at  the 
armor  factory ;  and.  before  the  lot  is 
passed,  the  sample  must  withstand  the 
attack  prescribed  by  the  Bureau  of  Ord- 
nance.    Failure  oti  the  part  of  the  test 


A  SL'CCESSFUL  KRUPP  PLATE  AFTER  ATTACK. 


vards,  is  able  to  go  itndcformcd  through 
23  inches  of  the  best  Krupp  armor.  To 
do  that,  however,  it  must  have  an  initial 
velocity  of  2,800  feet  per  second.  The 
mind  cannot  grasp  the  significance  of 
these  figures,  in  the  abstract,  and  the  ob- 
ject-lesson itself  leaves  only  an  astound- 
ing sense  of  wonder. 

Lieutenant  Joseph  Strauss,  U.  S.  N., 
at  one  time  in  charge  of  the  work  at 
Indian  Head,  tells  us: 

"Face-hardened  armor  is  tested  by  firing  ar- 
mor-piercing projectiles  against  it  with  normal 
impact — that  is,  at  right  angles  to  the  face 
of  the  plate.  The  plate  is  always  backed  with 
12  inches  of  oak  backing  secured  to  two  ?/^" 
skin  plates  by  armor  bolts  spaced  at  normal 
intervals.  It  is  set  up  against  the  target  struct- 
ure at  a  distance  of  about  100  yards  from  the 
gun.  The  velocity  of  impact  and  the  caliber  of 
shell  are  fixed  with  reference  to  the  state  of 
the  art  of  armor  manufacture,  and  the  plate 
must  be  able  to  resist  a  given  number  of  blows 


plate  is  not  always  accepted  amicably 
by  the  manufacturers ;  but  the  final  de- 
cision is  generally  made  with  strict  re- 
gard to  the  Government's  interests  and 
what  that  may  mean  in  the  hour  of  con- 
flict. 

Velocities  of  Projectiles 

The  velocities  are  measured  by  firing 
shot  through  two  electrically  connected 
w^ire  screens,  called  "velocity  screens." 
The  shot,  as  it  passes  through  the  first 
screen,  cuts  some  of  the  wires,  which, 
breaking  a  circuit,  causes  a  big  weight  to 
drop  in  the  chronograph.  In  passing 
through  the  second  screen,  the  shot  re- 
peats the  operation,  and  releases  a  second 
and  smaller  weight  that  causes  a  knife- 
edge  to  strike  the  still  falling  large 
weight.  This  knife-edge  makes  a  mark 
on  the  big  weight,  which,  when  measured 
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from  one  end  of  the  weifjlit  to  that  point, 
g^ives  the  velocity  of  the  shot  in  fractions 
of  a  second. 

The  i)ressurcs  in  the  pn^ins  arc  recorded 
l)y  small  steel  f^au^es  placed  in  the  hreech 
of  the  Rim  after  the  last  i)art  of  the  pow- 
der charge  ha*^  heen  rammed  home.  These 
gauges  contain  a  piston  or  ])lunger  of 
steel  directly  open  to  the  pressure  of  the 
gases  in  the  chamher  :  and  uiulerlying  the 
piston  and  within  the  hody  of  the  gauge 
is  a  <lisc  of  copper  which  has  heen  pre- 
viously compressed  to  its  i»resent  thick- 
ness by  a  known  pressure.  After  dis- 
charge, these  co[)per  discs  arc  carefully 
measured  hy  fme  micrometer  gauges, 
which  give  a  direct  reading  in  pressures, 
corresponding  to  the  further  compression 
of  the  discs  i>y  the  pressure  of  the  ex- 
ploding powder. 


This  work  at  Indian  Head  i«^  "-t  with- 
out its  elements  of  risk  an<i  r;  hm, 
because  of  the  many  precautions  taken. 
there  have  Ik'cu  very  few  accidents,  and 
the  reciird  is  one  that  stands  a  uiunument 
to  the  intelligent  zeal  of  the  men  who 
have  successively  atiministered  the  sta- 
tion. Hvery  day  in  the  year,  e.\' 
.'Sundays  and  holidays,  the  1;  ...,., 
dround  is  a  busy  place,  and  the  patient, 
painstaking  work  will  tell  its  own  story 
best  when  our  gtms  are  force<l  to  speak 
again  as  they  liave  but  once  before  in 
passing  the  exacting  examination  at  In- 
dian 1  lead.  If  then  they  make  for  them- 
selves the  marks  tlint  won  them  a  right 
to  their  permanent  emplacement,  we  shall 
have  ample  reason  for  pride  in  the 
e(|nipinent  of  our  most  efficient  peace- 
makers. 


-  r-  -y 
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Youth's  Agitations 


"W^IIEX   I  shall  be  divorced,  sonic  ten  years  hence, 
''       From  this  poor  present  self  which  I  .itn  now; 
\\  lien  youth  has  done  its  tedious  vain  expense 
Of  passions  that  forever  ebb  and  flow; 

Shall  I  not  joy  youth's  heats  are  left  beliind. 

.-\nd  breathe  more  happy  in  an  even  clime? 
Ah,  no!  for  then  I  sliall  besin  to  find 

.\  thousand  virtues  in  this  hated  time ; 

'I  hen  I  shall  wish  its  agitations  luck, 

.And  all  its  thwarting  currents  of  desire : 
Then  I  shall  praise  the  heat  which  then  1  lack, 

.•\nd  call  this  hurrying  fever  generous  fire ; 

And  sigh  that  one  thing  only  has  been  lent 
To  youth  and  age  in  common — discontent. 

— Matt  HI  w   Arvoi.d. 


SHED  IN  WHICH  THE  JiOOSEl^'ELT  WAS  BUILT. 
View  taken  across  the  river  from  Bucksport. 


The  Far  North  Again 


Construction  of  the  Strongest  and  Most  Powerful  Ice-Breaking  Ship  Ever  Built- 
Plans  of  Commander  Peary's  Next  North  Polar  Exploring  Expedition 


By  WINTHROP  PACKARD 


THE  stron.2:est  craft  ever  built  in 
a  shipyard  was  launclied  Marcli 
23,  at  the  shipbuilding  plant  of 
McKay  &  Dix.  near  Bucksport, 
Me.  The  mission  of  the  ship  is  as 
unique  as  its  build.  It  has  been  con- 
structed solely  for  the  purpose  of  carry- 
ing Commander  Peary,  the  dean  of  arctic 
explorers,  to  the  uttermost  limits  of 
navigation  in  the  far  north,  whence  wath 
dog  sledges  and  Eskimos  he  will  make 
one  more  dash  for  that  point  which  is 
the  dream  of  all  arctic  explorers — the 
north  pole. 

Surely,  if  any  man  is  fitted  by  physique, 
mental  equipment,  and  experience,  to  suc- 
ceed in  this  hazardous  imdertaking,  it  is 
this  noted  explorer,  wdio  will  next  June 
start  on  his  eighth  trip  to  the  arctic 
regions.  To  appreciate  this,  one  has  but 
to  see  him,  as  did  the  writer,  in  the  little 
shipyard  near  the  ice-bound  river,  where 
he  watches  with  careful  eye  the  growth 
of  his  new  craft:  and  to  talk  with  him 
of  his  plans  for  the  new  expedition.  The 
man  has  a  striking  build  and  carriage — 
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lean,  sinewy,  erect,  over  six  feet  of  force- 
ful physique,  carrying  within  its  splendid 
proportions  an  indomitable  energy.  Such 
is  the  explorer  himself ;  and  his  ship  is  to 
be  as  strong  to  attack,  as  lithe  to  escape, 
and  as  capable  of  withstanding  the  buf- 
fetings  of  the  arctic  ice  and  storms  as  he. 

Peary  Outlines  His  Plan 

"The  first  requisite  for  an  attempt  to 
reach  the  pole,"  says  the  explorer,  "is 
the  right  kind  of  a  ship.  More  than  once 
I  have  been  so  near  the  goal  that  could 
I  and  my  dogs  have  been  fresh,  instead 
of  already  exhausted  and  worn  with 
travel  over  the  ice,  we  coidd  have  made 
the  trip.  If  I  could  start  on  the  ice  jour- 
ney from  Hecla,  the  chosen  point  on  the 
northernmost  part  of  Grant  Land,  I 
should  have  a  distance  of  but  420  miles 
to  traverse  to  reach  the  point  where  lati- 
tude ceases  and  all  directions  are  south. 
More  than  once  I  have  made  an  equal  dis- 
tance with  dogs  and  sledges,  but  never 
have  I  started  from  such  a  vantage  point. 
I  believe  that  this  coming  summer  it  will 
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be  [>ossiblc  for  mc  to  reach  Hecla  with 
the  new  vessel  which  I  am  now  hiiiMinij. 
My  plan  is  to  estal)li>h  a  |>crnjanent  ha^-f 
or  sub-station  at  Sabine,  a  point  easily 
accessible  every  sutuiner ;  then.  pa>>inj; 
northward  from  this  place,  to  establish 
caches  all  alonpf  from  Sabine  north. 
W  ith  the  new  boat  wc  shall  force  our 
way  throii*^h  the  ice  to  a  safe  anchorage 
near  llecla  and  po  into  winter  quarters 
there.  Meanwhile  I  shall  have  redis- 
tributed the  wlu)lc  trilie  of  \\  hale  .*^ound 
Eskimos  along:  the  coast  at  needed  points, 
witli  the  vanj^uard  of  the  stronj^est  and 
most  intclli.c:ent  with  me  at  Hecla.  I-onp 
and  pleasant  intercourse  with  this  tribe 
has  devoted  it  to  me  and  my  work,  and  1 
can  count  on  its  loyal  and  intcllisjcnt  co- 
operation. The  a<lvance  from  Ilecla 
northward  will  come  with  the  first  re- 
turnifii,'  li^ht  of  I'ebruary  ;  and  if  all  j^'oes 
ihis  |>oinl.  I  am  contident  of  suc- 
cess. 

Work  For  the  New  Boat 

"The  worst  troulile  of  my  seven  i»re- 
vious  expeditions  has  been  the  ship.  If 
she  ha«l  the  structural  strength  to  with- 
stand the  crush  of  the  ice.  she  did  not 
have  the  power  to  force  herself  throui,di 
it.  The  Lharlcs  11.  Parliiti^  (christened 
the  Nooscxrit  at  its  launchinj;;)  will  com- 
bine both  these  advantajjcs.  She  is  not 
\ery  lari,^' — iSl  feet  over  all.  34  feet' 
beam,  with  a  mean  draft  of  16  feet  ami 
a  displacement  of  700  tons :  but  she  will 
be  the  stronjjest  built  ice-breaker  in  the 
worM.  stroticrcr  than  the  N'orwetjian 
I' I, nil     ( pf    flu-    (  iirm.'iii     (/(///.cc.       Slu'    is 


not  only  so  planned  as  to  resist  to  the 
uttermost  all  ice  pressure.  l)ut  in  shajH* 
is  ditTerent  from  ail  other  vessels,     lit' 
the  water  line  she  is  so  shaped  that 
extraordinary   ice  pressure  will  lift 
and  she  will  slip  away  from  dan;.;er.    I 
of  all  will  be  her  powerful  enjjities.     .*-*be 
is    hardly    larj^'er    than    a    big    tug,   '   " 
she  will  have  the  power  of  a  liner. 


Model  of  Commanper  Peary  s  New  A  ..\,  ,    r, 

A  S-masted.  fore-and-aft  schooner-ricBcd  steamship,  with 


Hrt.l.  OK  Akc  IK  KXI'LOIIKH  ■   i  r 

OK   CoNM  m  I  imw. 
r.li?\  I'll  fl  .lilies  lll>. 

ocean-going  tug  which  runs  out  i>f  N'ew 
\'()rk  harbor  will  h.ive  the  strength  to 
thrust  .ind  pull  that  she  is  tf»  have.  The 
crucial  part  of  the  trip  will  be  the  tra- 
verse of  what  may  be  called  the  mi<ldle 
division  of  the  route — the  ice-encumbered 
cliamul  between  C'a|)e  .Sabine  and  the 
north  coast  at  Ca|)e  llecla.  Yet  the  dis- 
tance is  only  ,^50  miles,  antl  has  been  ac- 
complished by  four  exi)loring*vcssels  al- 
ready, one  of  which,  the  little  I'liliins. 
by  some  extraordinary 
L^ood  fortune.  ma<Ie  the 
inn  without  even  seeing 
:ce.  The  route  is.  how- 
I  ver.  more  than  likely  to 
l;e  packetl  with  heavy 
iloes.  through  which 
.•idys(t  |)owerful  a  vessel 
I oidd  turn  and  twist  and 
thrust  its  way  un- 
harmed. ( )ther  explora- 
tions of  the  ice-riddtn 
-eas  have  been  conduct- 
((1  in  vessels  strong 
enough  to  withstand  ice 
j)ressure.  but  none  have 
had      the      pro|)cr      icc- 

auxiliary  sail  power  forCUlg      poWer.  1  llCy 


302 


THE    TECHNICAL    WORLD 


have  been  sailin.2:  vessels  with  auxihary 
steam  power.  The  new  ship  is  to  have 
sails,  to  be  sure  ;  but  they,  and  not  the 
steam,  are  to  be  auxiliary." 

Penobscot  Captains  Approve  Her 

Never  before  on  the  Penobscot  River, 
nursery  of  hardy  sea-captains  and  home 
of  shipbuilders  as  it  is.  was  built  such 
a  ship,  and  the  little  shipyard  is  a  mecca 
for  pilo;rims  from  up  and  down  river. 
They  are  caihiy  in  shipping-  matters,  these 
old  captains  and  shipwriglits  ;   they  know 


The  frames  are  of  white  oak  also,  made 
triple,  three  curving^  ribs  bolted  together 
where  ordinarily  but  one  is  used.  Im- 
mediately over  these  frames  are  laid 
diagonal  straps  of  steel  running  from 
stem  to  stern  on  either  side,  making  a 
lattice  lacing  of  rectangular  openings 
from  one  end  to  the  other.  Over  these 
straps  again  are  laid  a  double  course  of 
five-inch  planking,  the  inner  of  yellow 
Georgia  pine,  the  outer  of  white  oak ; 
and  between  the  two  will  be  a  sheathing 
of  tarred  hemp.     The  outer  course,  after 


COMMANDER  PEARY  AND  PARTY  STANDING  ON  KEEL  OF  NEW  ARCTIC  EXPLORER. 

View  taken  in  McKay  &  Dix  shipyard,   Bucksport,   Me. — Commander  Peary  stands  2d  from  left;   Captain  Houghton, 
Superintendent  of  Yard,  4th  from  left;  and  Captain  Dix,  builder,  1st  on  right. 


the  full  value  of  every  extra  beam  and 
every  extra  reenforcement  of  strength 
and  stability,  and  they  wagged  their  gray 
beards  in  approval  as  the  little  vessel  took 
shape.  The  shipyard  as  well  as  the  ship 
is  an  anomaly  to  them,  for  never  before 
in  a  Maine  shipyard  was  a  ship  all  com- 
fortably housed  in  a  shed  for  winter 
shipbuilding.  As  the  explorer  says,  she 
is  not  a  large  vessel,  but  her  structural 
get-up  is  nevertheless  impressive  in  its 
massiveness.  Keel,  keelson,'  stem,  and 
sternpost  are  of  solid  white  oak  timber, 
well  seasoned,  from  the  Virginia  forests. 


it  has  been  most  carefully  calked,  will 
be  overlaid  with  extra  heavy  sheet  cop- 
per. Inside,  the  frames  will  be  covered 
wdth  three-inch  yellow  pine  "ceiling,"  and 
the  utmost  caution  will  be  taken  to  make 
everything  absolutely  water-tight,  warm, 
and  weatherproof. 

Ivlassive  Structure 

The  deck  beams  are  of  yellow  pine  of 
exceptional  stoutness,  the  ones  forming 
the  main  deck  being  spaced  four  feet 
apart  from  center  to  center.     These,  as 
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well  as  those  nf  tlic  lower  «Icck.  placc«l  <li 
rtctly  bciK-ath  thcin.  arc  all  anchored  and 
tied  by  throiii,'h-lM)lls  rivitcil  up  in>!  1 
Such  inassivciicss  of  structure  is  in  ii-iii 
double  an«l  triple  that  j^ivcii  any  or«linarv 
\>  ~^tl,  l)Ut  these  are  ouW  the  bej^iiui 
oi  its  structural  -'-       *Ij.     Both  sets  i  i 
deck  beams  are  I  from  the  ccjiti  i 

to  the  si<les  by  diajjonal  timbers  ni  \u  . 
yellow  pine,  so  arranged  as  to  take  all  the 
prr^Niire  from  the  sides  of  the  ship  "  ■  ' 
"II,  and  woidd  seem  to  be  euouj^h  to  <'. 
any  crushinj^  force  that  can  be  broui;ht 
Mst  them.  To  tjive  preatcr  vertical 
:'iiiMess.  each  beam  will  be  supported  by 
tie-rod  stanchions  of  steel  an<l  wrouijhl- 
ron  pipinp,  so  arranged  that  they  may 
be  set  up  from  time  to  time  durinjj  con- 
«•-••  •••  !i,  to  provide  ai^ainst  any  sajj  tlc- 
\  ^'^  in  buildinj^  atul  to  secure  per- 

fectly ripid  support. 

Clever  Design  of  Mull 

Thus  the  sides,  bilpcs.  and  bottom 
would  seem  to  1)C  .so  built,  safej^uarded, 
and  reenforced  as  to  stand  even  the 
fiercest  pressure  of  the  arctic  floes  if  it 
should  be  directed  ripidly  ajjainst  them. 
Hut  the  cunninjj  f)f  the  desijjt^cr  has  gone 
farther  than  this.  Just  as  a  wedge, 
pressed  between  opposing  forces,  slip*; 
from  between  them  and  escapes,  so  will 


l*^  ilih.^ 


Masier-Ulilder  Newcowb  OvFH>KtiS'i  Skttisc,  ok 
ft- Ton  Sternpost. 
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the  new  ship,  when  inpped  l>etween  the 
Hoes,  simj)ly  rise  above  them  and  escape 
their  crushing  force.  Most  ships  are 
built  more  or  less  "kettled)ottomc<I." 
That  is.  their  si<les  drop  nearly  perpen- 
•licularly,  and  swing  in  rather  abruptly 
toward  the  keel  when  the  required  depth 
is  obtained.  The  shape  of  the  I  Vary 
vessel  is  a  slippery  oval  which  the  n<)es 
can  no  more  grasp  and  hold  than  the 
thumb  and  finger  could  the  greased 
small  end  of  an  vp;f^. 

"My.  but  she'll  roll  in  a  heavy  .*iea!" 
sav  the  wise  old  ship-captains,  viewing 
this  iimovation  in  shape  with  the  critical 
eye  of  long  experience.  IVrhaps  she  will  ; 
but  that  matters  little  if  she  slijis  eri  like 
from  the  grasp  of  the  northern  ice  in  the 
time  of  flanger. 

Other  Reenforcements 

Kvcii  in  great  strength  and  slippery 
shafic  the  precautions  against  the  nipping 
ice  do  n<jt  end.  A  heavy  white  oak  guarcl 
rail,  eight  inches  by  twenty,  is  worked 
alireast  the  plank-shear  frnm  stem  to 
stern,  and  so  securely  fastened  to  stem- 
frames,  plank-shear,  and  waterway,  that 
it  will  be  strong  enough  to  support  the 
entire  weight  nf  the  loaded  ship.  ( )n 
the  face  and  under  side,  this  guard  strake 
v.dl  be  protected  by  a  heavy  angle-bar 
of  steel.  Its  purpose  will  be  twofold- 
first,  to  add  greatly  to  the  longitudinal 
strength  of  the  shij) ;  second,  to  help  the 
floes  lift  the  ship  out  of  water  when  they 
press  against  the  oval  sides  and  cnnnple 
and  press  upward  as  the  shij)  is  crowded 
bv  the  ice.  It  will  form  a  fulcrum  for 
the  ice  levers;  or,  if  this  fails,  the  ship's 
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company  can  i)lace  jacks  on  the  solid  ice 
beneath  it  and  lift  on  this  guard  rail, 
lifting:  the  ship  out  of  dantj^er  till  the 
pressure  of  the  floe  is  relieved. 

An  Armored  Craft 

To  take  the  worst  of  the  rub  of  tlie 
passing   ice,   the   bow.   stern,   and   water 


Under-Part  Amidship. 

The  three-fold  timber  construction  shows  strength  of 
steamer — the  strongest  hull  ever  built. 

line  will  be  armored.  At  the  bow,  one- 
inch  steel  plating  will  be  worked  from  the 
keel  upward  to  three  feet  above  the 
load  water  line  and  three  feet  aft.  At  the 
stern,  plating  of  similar  thickness  will 
extend  fourteen  feet  forward.  At  the 
water  line,  the  plating  will  be  five  feet 
wide,  five-eighths  of  an  inch  in  thickness, 
and  will  extend  from  one  foot  above  the 
load  water  line  to  four  feet  below. 

There  will  be  two  deck  houses.  The 
forward  one  w-ill  be  big  enough  comfort- 
ably to  house  Commander  Peary,  the  sci- 
entific staff,  and  the  ship's  officers  ;  and  hi 
this  they  will  live  on  their  journey  to  the 
far  harbor  on  the  northerly  shore  of 
Grant  Land.  This  deck  house  is  porta- 
ble ;  and  when  the  ship  reaches  the  de- 
sired base,  it  wdll  be  taken  ashore  and  sat 
up  to  form  headquarters  for  the  staff  on 
the  ice-bound  coast  at  Hecla. 

Very  Powerful  Engines 

So  much  for  strength  and  resisting 
power.  Surely  a  shi]j  of  such  strength 
and  so  cunningly  designed  to  elude  the 
crush  of  ice,  was  never  built  before.  But 
after  all.  this  is  but  a  summing  up  of  her 
negative  virtues.  It  is  in  her  kinetic 
force  that  her  chief  value  will  lie,  for, 


with  all  her  strength  to  resist  floe  press- 
ure and  grinding  ice,  her  motive  power  is 
of  more  importance.  She  is  to  be  a  very 
l)owerful  steamship  ;  and  while  she  has 
sails,  they  are  merely  auxiliary  or  for 
emergency  use.  The  motive  power  will 
be  a  single  inverted  compound  engine, 
driving  a  single  ten-foot  screw,  the  steam 
being  supplied  by  two  water-tube  boilers. 
Under  forced  draft  this  engine  should 
develop  i  .400  horse-power  ;  under  merely 
natural  draft,  1.200.  The  bunker  caj)ac- 
ity  is  700  tons  of  coal,  and  she  will  carry 
also  a  deck  load  of  150  tons  in  bags. 

Such  is  the  ship  that  has  just  been 
launched  at  the  little  shipyard.  Her  sail 
plan  is  that  of  a  schooner  yacht,  her 
bowsprit  being  but  a  stub,  her  masts 
short,  carrying  no  gaff  topsails,  but 
spreading  two  big  staysails  in  their  stead. 
Commander  Peary  knows  every  timber 
that  is  put  into  her,  watches  with  careful 
eye  the  setting  up  of  every  bolt,  and  takes 
equal  pride  with  the  builders  in  making 
the  unique  craft  perfect  in  every  part. 
The  same  might  well  be  said  of  every 
man  that  works  on  her ;  and  when  she 
goes  forth  to  fight  the  arctic  ice.  she  will 
be  as  complete  as  ship-designing  wisdom, 
shipbuilding  skill,  and  loving  care  can 
make  her. 


Stem  of  Peary  Arctic  Explorer  "Roosevelt." 

Viewshovping  timber  construction  designed  to  resist 

ice  pressure  and  exert  lifting  power. 
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Some  Amusinjl  Incidents 
Hut  it  is  iixt  i>iil\  tloij^iicr,  l)uiMcrs, 
and  wDrkmen  who  take  a  vivid  personal 
interest  in  the  new  ship.  She  has  heen 
the  talk  of  the  neijj[hlH)rh(XKl.  and  the 
thron.i,'s  who  came  daily  to  sec  her  j^row 
would  well  have  carried  her,  t)ff  piece- 
meal if  she  were  not  t(K)  stronj^ly  put 
toj^'ether  and  huilt  of  t«Hi  tenacious  ma- 
terial to  he  thus  demolished.  Few  arc  the 
chips  that  are  left  in  the  shipyard,  and 
f::uaranteetl  hlocks  from  the  keel  would 
have  a  ready  money  value  if  they  were 
to  he  found  on  the  market.  All  such 
have  heen  eatjerly  carrieil  away  as  treas- 
ured souvenirs.  There  is  no  douht  that 
in  a  year  there  will  he  enoufjh  .i,'emnnc 
hits  of  wood  from  the  keel  of  IVary's 
wonderful  ship  exhihited  to  huild  at  least 
one  new  vessel  entire.  One  man  is  plan- 
ninij  to  have  a  l)ooth  at  the  Maine  .^tatc 
Fair,  near  lianiror.  where  carved  articles 


made  from  these  hlocks  will  l>c  on  sale. 

The  head  of  a  ne.ir-hy  educational  es 
tahlishment  has  a  wiser  scheme  than  this. 
however,  lie  has  had  a  photoj^'raph 
taken  of  the  model  over  in  the  shipyard 
ollice.  I  le  is  havinp:  made  as  extensive  a 
collection  as  possihle  of  {genuine  hlocks 
from  the  ship's  timhers — waste  hUx'ks. 
of  course.  I'Vom  this  photof^raph  a  steel 
die  is  heiuK'  made  :  an«l  in  each  hlock.  with 
this  die.  will  he  hurned  deep  a  representa- 
tion of  the  new  ship.  Then  letters  will 
he  sent  to  the  alumni  of  the  institution, 
solicitinj^'  dnnations  to  the  school  fund, 
and  olTeriui;  in  return  one  of  these  unicjuc 
hlocks  with  a  receipt  for  the  money. 

The  prohahle  cost  of  the  new  ship  is 
$75.0(XT,  and  she  will  he  worth  it.  not 
only  to  the  cause  of  arctic  exploration, 
hut  to  the  furlherfnjj  of  general  husiness 
and  the  jjromotion  of  the  cause  of  edu- 
cation in  the  j^^ood  old  Tine  Tree  State. 


TKe  Passing  SKovir 

ALL  things  that  pass 
Arc  wisdom's  looking-glass , 
Bfing  full  of  hope  and  fear,  and  still 
Brimftil  of  pood  or  ill 
According  to  our  work  and  will . 


Fiu.   1.     MOORE  ELECTRIC  LIGHT  AT  1381  BROADWAY,   NEW  YORK  CITY. 
The  tube  here  shown  is  155  feet  long. 


Moore   Electric   Light 


The    Evolution  and  Recent  Development  of    the  Vacuum-Tube  System  of  Elec- 
tric Lighting— Some  Details  of  its  Installation  and  Operation 


By   RUSSELL   FAY  TRIMBLE 


IX  our  large  cities  the  tendency  to 
turn  night  into  day  is  rapidly  in- 
creasing. Places  of  amusement, 
restaurants,  business  houses,  and 
banks  keeping  open  24  hours  a  day,  prove 
beyond  a  doubt  that  the  lighting  facilities 
of  the  future  will  have  to  be  such  that 
it  will  make  no  difference  whether  the 
sun  shines  or  not ;  that  is,  we  shall  have 
to  use  "artificial  daylight.""  Realizing 
this,  Mr.  D.  AIcFarlan  Moore,  over  ten 
years  ago  started  to  make  an  electric 
"artificial  daylight,"'  which  is  now  a  prac- 
tical success. 

The  subject  of  vacuum-tube  lighting 
is  one  that  has  long  engaged  the  atten- 
tion of  the  scientific  world.  A  few  years 
ago  this  method  of  illumination  was  but 
a  dream  of  the  most  daring;  now  it  is 
actually  a  commercial  commodity  ;  and, 
owing  to   some   of  the   recent   develop- 
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ments  in  this  system  of  lighting,  it  is 
rapidly  becoming  a  competitor  of  the  arc 
light  and  the  incandescent  electric  lamp. 
The  most  familiar  form  of  light  is  the 
incandescent  electric  lamp,  an  invention 
of  but  a  quarter  of  a  century  ago ;  yet 
in  less  than  another  quarter  of  a  century 
vacuum-tube  lighting  promises  to  be  the 
most  familiar,  for  it  is  the  only  light  that 
closely  imitates  daylight  in  color  and  dif- 
fusion. It  is  a  white  light  emanating 
from  the  entire  length  of  a  long  glass 
tube,  which  appears  as  though  it  were 
entirely  filled  with  a  densely  white,  light- 
giving  smoke,  but  which  in  reality  is 
due  to  electricity  passing  through  a  spe- 
cial gas  which  fills  the  tube. 

The  Evolution  of  the  System 

The  first  electric  light  ever  made  was 
a  vacuum-tube  light.     In    1675    an    old 
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French  monk  named  Picard,  who  »lab- 
bled  in  physics,  noticed  wliile  haniUinj^ 
a  mercury  barometer  that  the  friction  of 
the  mercury  in  the  bulb  suffused  it  with 
a  faint  glow  of  litrht.  Thirty  years  later 
one  Ilauksbee  took  a  j:jlass  bulb,  held  his 
hand  against  it  while  it  was  revolving 
rapidly,  and  noticed  that  there  was  a 
faint  light  within  it.  There  was  a  long 
line  of  experimenters  down  to  the  time 
of  Cleissler,  but  only  meager  results  were 
obtained  until  Gcissler  maile  the  first 
tubes  that  were  at  all  successful ;  but 
even  they  were  very  crude  and  sjnall,  and 
have  never  been  of  any  value  except  as 
laboratory  wonders.  ^Nlr.  Moore  is  the 
pioneer  in  commercial  vacuum-tube  light- 
ing, and  he  has  nrit<luced  results  of  great 
importance  in  this  fielil.  Almost  every 
year  the  Moore  system  of  lighting 
has  changetl  radically  ;  but  two  constant 
factors  have  alwa\s  remained,  namely, 
the  glass  tube  and  the  electricity  llowing 
through  a  gaseous  conductor.  .Mthough 
the  system  started  with  tubes  only  a  few 
inches  in  length,  some  of  the  installations 
described  in  this  article  have  tubes  155 
feet  long. 

The  necessary  apparatus  to  cause  the 
electricitv  to  llnw  through  the  tubes  has 
changed  as   radicaHv  as  the  tube  itself. 
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exact  nature  of  which  is  kept  a  iccrci — 
is  now  being  used. 

It  has  been  maintaine<l  that  there  is  no 
good  reason  why  a  light  coul«l  not  be 
made  that  would  l>c  as  efluient  as  an 
electric  nmtor.  The  mot«jr  gives  an  oflfi- 
ciency  of  98  per  cent ;  that  is,  for  every 
Itx)  units  of  electric  energy  put  into  an 
electric  motor.  08  of  them  can  be  utilized 
as  mechanical  power,  while  an  incandes- 
cent lamp  converts  only  2  such  units  into 
light  and  (>S  of  them  into  heat,  which  is 
not  desired,  for  a  lamp  is  a  device  de- 
signed to  give  light,  not  heat.  Few 
realize  what  a  tremendous  loss  of  energy 
this  is.  The  difficulties  met  with  in  <lc- 
veloping  and  i)erfecting  this  new  system 
were  enormous,  necessitatitig.  besides  the 
principal  basic  concei)tion,  hundreds  of 
other  important  inventions,  extending 
from  a  new  form  of  glass-blowers'  fires 
to    the    electro-chemical    intricacies    in- 


vwwwwwwwwwv^i ^^ IN 


. 


S^eZi^e^-S--^ 


Total    Length  of   Tube    155  Ft. 
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Fig.  2.     DIAGRAM  OH  TUBE  INSTALLED  IN  A  STORE  IN  NEWARK.  N.  J. 


At  first,  special  ami  delicate  vibrating,  or 
rotating.  api)aratus  was  neces.sary  in  con- 
junction with  the  source  of  the  supply  of 
electricity :  but  now  no  moving  ap- 
paratus whatever  is  required,  since  the 
tubes  are  connected  to  a  static  transform- 
er, receiving  its  energy  directly  from  the 
street  mains.  The  special  gas  in  the  tube 
through  which  the  current  flows  is  one 
of  the  most  important  factors  in  con- 
nection with  this  whole  system,  because 
at  first  no  gas  could  be  found  which 
would  produce  light  continuously  for 
more  than  a  few  minutes ;  whereas  the 
gas  now  in  use  seems  to  last  almost  in- 


volved in  discovering  a  suitable  gaseous 
conductor  for  the  tubis.  none  of  the 
many  gases  found  in  nature  giving  i)rac- 
tical  results. 

Quality  of  the  Light 

All  will  agree  that  difi'used  daylight  is 
the  only  perfect  light;  and  its  bluish- 
white  tint  has  been  the  goal  toward  which 
all  artificial  light  experimenters  have 
striven. but  which. until  recently. none  had 
attained.  The  pnjblem  of  color  is  one 
of  the  principal  factors  in  all  kinds  of 
illumination  ;  but  that  difficulty  has  now- 
been  overcome,  for  the  light  from  the 
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Moore  vacuum  tube  is  that  soft  bluish- 
white  Hght  that  heretofore  had  never 
been  attained  in  an  artificial  lijjht.  The 
proof  of  tliis  is  the  fact  that  colors  can 
be  perfectly  matched  under  its  soft  rays ; 
and  one  pf  the  leading-  art  houses  of  New 
York  has  its  artists  mix  their  colors  under 
this  light.  The  nearer  in  quality  any 
artificial  light  approaches  natural  light, 
the  easier  it  is  on  the  eye,  and  vice  versa 
— the  further  the  color  digresses  from 
that  of  daylight,  the  more  injurious  it  is 
to  the  human  eye. 

The  radiation  from  all  artificial  lights 
so  far  has  been  wrong,  from  both  the 
practical  and  the  theoretical  standpoints. 
It  stands  to  reason  that,  to  imitate  day- 
light, radiation  from  a  small  spot  is  not 
correct.     The  radiation  of  light  must  be 


are  in  commercial  use  are  not  used  as 
"units"  at  all,  but  simply  as  integral  parts 
of  a  row  or  line  of  light?  This  is  one  of 
the  reasons  why  the  vacuum-tube  light 
promises  to  be  the  light  of  the  near  fu- 
ture. Its  radiation  is  not  from  a  small  spot, 
but  from  the  entire  surface  of  a  long  tube. 

Typical  Installations 

Fig.  2  shows  a  diagram  of  a  Aloore 
tube  as  installed  in  a  Newark,  N.  J., 
store.  It  was  built  in  position  as  a  per- 
manent fixture,  and  has  a  radiating  area 
that  extends  the  entire  distance  around 
the  store,  which  makes  the  diffusion  per- 
fect. This  is  proved  by  the  fact  that  a 
person  cannot  get  in  a  shadow.  This 
store  being  comparatively  narrow,  the 
tube  does  not  need  to  be  run  at  a  very 
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Fig.  3. 


Diagram  of  Safety  Proof  Box  and 
Connections. 


from  a  large  area  if  we  want  to 
obtain  light  that  w^ill  imitate  day- 
light in  diffusion,  and  this  is  a 
factor  that  has  been  entirely  over- 
looked in  the  manufacture  of  all 
lights  up  to  the  present  time.  What 
is  wanted  is  light,  not  Hghts;  this  can 
be  readily  seen  by  walking  down  any 
business  street  at  night,  where  you  wall 
notice  in  the  stores,  in  the  windows,  and 
on  the  signs  hanging  outside,  long  rows 
of  incandescent  lamps,  long  series  of 
"spots"  of  light — from  which  the  natural 
evolution  is  one  long  tube  to  take  their 
place.  Few  persons  realize  how  little 
need  there  really  is  for  "units"  of  light, 
such  as  have  been  in  use  since  the  world 
began ;  because  when  light  is  as  cheap 
as  it  undoubtedly  will  be,  according  to 
present  indications,  the  time  is  not  far 
distant  when  it  will  be  considered  an  in- 
dication of  poverty  to  use  a  "unit"  of 
light.  It  is  already  a  fact  that  the 
larger  the  business,  the  more  general  the 
illumination  must  be,  and  the  fewer  the 
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lO-Volt  Alternating-Current  Mains 


high  brilliancy,  three  to  three  and  one- 
half  candle-power  to  the  foot  being  quite 
sufficient  to  give  the  desired  daylight  ef- 
fect. In  Fig.  I,  the  tube  is  the  same 
length ;  but  the  office  being  considerably 
wider  than  the  store,  the  light  is  run  at 
six  to  seven  candle-power  per  foot,  the 
brilliancy  depending  upon  the  watts  con- 
sumed, which  average  at  present  about 
2.6  watts  per  candle-power. 

Life  of  the  Tubes 

Life  is  another  very  important  factor 
in  an  artificial  light.  The  incandescent 
lamp  has  a  total  useful  life  of  about  400 
hours,  after  which  time  the  light  has 
grown  so  poor,  and  the  efficiency  so  low, 
that  it  pays  to  throw  awav  the  bulb  and 


buy  another  rather  than  waste  current  on 
spots  of  light.  Why  should  electric  lights  a  worn-out  lamp.  But  the  Moore  vac- 
be  in  units  when  75  per  cent  of  all  that      uum  tubes  have  already  run  2,000  hours 
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Fic.  4.    Safbtv  Piioor  Box. 

and  arc  still  in  commercial  use  without 
any  clianjjc  in  efticicncy,  as  proven  by  ac- 
curate photometric  and  electrical  meas- 
urements. How  nuich  lonij^er  they  will 
run  is  still  a  very  interestinij  eiiipna ;  but 
the  present  record  is  most  certainly  a 
wonderful  step  in  the  direction  of  unlim- 
ited life  for  a  li.t^ht.  And  another  ad- 
vantage is,  that  when  they  do  burn  out  it 
is  not  necessary  to  throw  away  the  ^lass 
tube. but  simply  to  furnish  it  with  another 
change  of  j^as.  which  will  j^ive  it  a  lease 
of  life  for  another  2.000  hours  or  more. 
This  is  a  remarkable  statement,  since  pre- 
vious to  the  very  important  disc(nery  of 
how  U)  make  a  suitable  fjaseous  con- 
ductor, it  was  impossible  to  construct 
vacuum  tubes  pivinjjf  a  similar  li.i;lit,  so 
that  they  would  hold  their  power  con- 
sumption antl  lip^ht  absolutely  constant 
even  for  a  few  moments :  and  the  fa«linj:^ 
away  of  their  entire  luminosity  was  but 
a  matter  of  a  very  few  minutes. 

Cost  of  Operation 

From  the  strictly  commercial  stand- 
point the  most  important  thinjj  in  con- 
nection with  any  liixht  is  its  cost.  The 
commercial  world  knows  that  it  is  paying 
far  too  much  for  its  lijjhts :  and  yet  the 
scientific  world  has  not,  until  the  intro- 


duction of  the  vacuum-tiilu?  li(»ht.  licen 
able  to  dev<  c 
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the  incandescent  lamp  for  the  same  can- 
dle-power;  and  sonje  :^ 
carried  on  now  will.  vii\  jm  .m.ii.i>,  >... iH 
cidminate  in  making  it  many  times 
cheaper.  Of  course  the  contact  with  the 
commercial  market  will  soon  •"  'c 
the  methods  of  manufacture  S'  • 
will  be  much  cheaper  in  first  e 
because  of  the  i<leal  simplicity  of  this 
system. 

I)ai)iit.*r 

The  danger  from  all  forms  of  electric 
lights  must  not  be  over'  '1  in  comi)ar- 
ing   them    with    the    \  -tube    li>^ht. 

Many  of  our  large  modern  fires  can  be 
traced  directly  to  the  electric  wires.  Al- 
though we  have  learned  by  costly  experi- 
ence to  insist  ujx)!!  reasfinably  safe  wir- 
ing of  buildings,  yet  the  fact  remains 
that  every  ctutlet.  lamp  socket,  cut-out. 
and  switch  is  what  the  fire  underwriters 
call  "a  risk."  In  the  vacumn-tube  sys- 
tem, however,  these  dangers  have  all 
been  elimin.'ited  by  concentrating  all  of 
the  electrical  api)aratus,  or  "live  parts," 
in  a  small  "safety  proof"  box.  I'ig.  3 
shows  the  theory  of  this  terminal  box. 
In  this  is  placed  a  transfornu-r,  the  high- 
potent  i.il    wires   of   which    have    to    cx- 
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Fig,  6.     VACUUM-TUBE  LIGHT  INSTALLED  UNDER  CANOPY  AT  ENTRANCE. 
258  FIFTH  AVENUE,  "NEW  YORK  CITY. 


tend  only  a  few  inches  to  reach  the  elec- 
trodes of  the  tube.  Fii^.  4  is  a  photog^raph 
of  a  "safety  proof"  terminal  box  in  actual 
operation.  Out  of  this  terminal  box  are 
run  only  harmless  glass  tubes  which  form 
a  loop ;  and  as  glass  is  an  insulator,  the 
loop  is  absolutely  safe  to  both  life  and 
property.  The  "safety-proof"  box  is  sup- 
plied with  iio-volt  alternating  current, 
either  from  the  street  mains  or — if  the 
source  is  direct  current — from  a  small 
motor-generator;  but  this  light  is  most 
effectively  operated  directly  from  the  al- 
ternating-current street  mains,  such  as 
are  available  in  almost  all  the  large  cities 
and  towns.  Fig.  5  shows  this  same  box 
with  the  front  removed,  giving  a  view 
of  the  electrodes  of  the  tube. 

This  tube  light  can  be  fashioned  into 
almost  any  conceivable  shape,  with  the 
aid  of  the  glass-blower's  art,  as  will  be 
seen  from  Fig.  6.  This  is  a  tube  57  feet 
long,  and  is  irregular  in  shape  in  order  to 
conform  to  the  architectural  conditions. 
It  has  been  in  operation  for  a  year  and 
a-half  and  during  all  kinds  of  weather, 
in  an  open  vestibule  on  Fifth  Avenue,  in 
New  York  City. 

Glass-Plumbing 

One  of  the  most  interesting  features  of 
the  Moore  vacuum-tube  light  is  the 
method  in  which  it  is  put  up. '  This  is 
done  by  piping  a  room  or  a  building  with 
i^-inch  clear  glass  tubing;  and  in  find- 


ing a  way  to  do  this,  there  was  created  a 
new  trade,  that  of  "glass-plumbing."  And 
plumbing  it  is ;  for  it  consists  of  putting 
up  these  glass  tubes  in  lengths  of  about 
eight  and  a-half  feet  and  hermetically 
sealing  them  together  in  situ.  To  do  this, 
there  had  to  be  devised  a  whole  new  set 
of    glass-blowers'    instruments,    such 


as 


Fig.  7.    "Artificial  Daylight"  Window  for 
Photographic  Purposes. 
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liaml  torches,  glass-cutting  tools,  ix^riablc 
])rcssurc-l)lo\vers,  etc.  The  progress 
made  in  glass-plunihing  will  be  appreci- 
ated when  it  is  stated  that  a  joint  which 
at  first  was  ])n)ni)iniccd  ahsuluicly  im- 
possible by  glass  experts — and  when  first 
accomplished  required  a  half-hour  to 
make — can  now  be  made  in  less  than  a 
minute. 

Value  in  Photography 

Aside  from  the  field  of  general  illumi- 
nation, one  of  the  most  interesting  a|)pli- 
cations  of  this  light  is  for  photograi)hy. 
I'or  this  puri)ose  the  tube  is  bent  back 
and  forth  over  the  surface  of  a  window- 
like metal  frame,  which  is  mounte«l  on 
rollers  aiul  placed  near  the  object  to  1)C 
photographe<l.  big.  7  shows  such  a  win- 
dow, consisting  of  43' j  feet  of  tubing. 
Some  of  the  best  pliotographers  in  the 
world  have  declared  that  there  is  no 
other  artificial  light  that  can  be  com])ared 
with  this,  ami  that  the  photographs  ob- 
tained, especially  portraits,  are  not  sur- 
passed even  by  those  taken  by  tlayliglii 
The  "artificial  daylight"  has  an  absolutely 
uniform  intensity,  a  fact  cpiickly  appreci- 
.'ite»l  by  all  who  have  to  do  with  photog- 
raphy in  any  of  its  many  branches,  be- 
cause natural  light  varies  from  morning 
till  evening,  llesides  this,  the  daylight 
color  greatly  aids  the  operator  in  posing 
his  subject,  because  the  shades  and 
shadows,  high  lights  an<l  low  lights,  arc 
just  the  same  as  they  would  api)ear  if  the 
photographs  were  lieing  taken  by  day- 
light ;  an«l  then  the  perfect  color  value 
of  the  light  reduces  the  amount  of  re- 
touching to  a  minimum.  I'ig.  8  is  a 
portrait  of  Mr.  Moore,  and  is  a  .sample 
of  the  excellent  work  that  can  be  ac- 
complished by  this  light. 

I'.very  one  of  the  installations  so  far 
made  of  the  Moore  electric  light  has  been 


an  undoubte«l  SUCCO-'^  rmJ  is  <.\\\\  in  ,,n- 
eration.  Therefore  tl 

becoming  one  of  the  standard  methods 
of  illumination;  ami  it  is  proper  that 
great  importance  be  attached  to  it.  for  in 
simplicity  it  is  more  nearly  ideal   than 


Fig.  8.    D.  McFarlan  Moore. 

Invcnioi  tif  liuhtine  system  thnt  bears  his  n:»me. — Photo 
taken  liy  Muore  vacuum-tube  lit:hl. 

any  other  form  of  light.  I  j)  to  the 
present  time  the  production  of  all  kimls 
of  artificial  light  has  involved  consider- 
able loss  in  efficiency,  but  e;ich  succeeiling 
light  has  been  a  little  nearer  the  desired 
daylight  elTect  than  was  its  predecessor. 
In  the  vacuum-tube  system  we  have  a 
light  that  is  correct  in  color  and  diffu- 
sion, exceedingly  long-lived,  with  no 
danger,  and  of  minimum  cost — "a  light 
that  shineth  like  the  light  of  day." 
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Life-Blood  of  the  West 


The  T'welfth  National   Irrigation  CoMiJro>'»  l^l^^c•>  KcNoliiiion  ^  ...    ,  ., , ,    ;.;.,. 
the  Nation     Would  Pre-^erve  the  Hiiblic  Land^  for  Irrigation. 
Settlement,  and  tlunie  Bviilding 


u> 


ByGUYELLIOII    MIICMII.L 
S«croiaty.  Nmiional  Irriaailoa  A»*ocUUoo 


Tin*!  Xational  Irripfation  Congress 
which  met  recently  in  1*11  I'aso, 
Texas,  courap^eonsly  assumed  a 
position  on  the  (|uostion  of  land 
and  tiinl)er  stealinj^  which  in  years  to 
come  will  mark  it  as  a  convention  which 
saw  the  rijjht  and  acted  accordingly,  not- 
withstanding: that  there  are  to-day  many 
men  in  the  West  who  are  disi,usted  and 
annoyed  with  the  attemj)!  of  this  body  to 
curtail  opportunities  for  speculation  and 
"graft."  Courageously,  because  the  Irri- 
gation Congress  was  composed  largely  of 
Western  men.  and  it  is  Western  men 
chierty  who  are  profiting  through  the 
utilization  and  evasion  of  our  land  laws 
as  applie<l  to  the  arid  region  west  of  the 
one  hundredth  meridian. 

Under  the  National  Irrigation  Act  a 
vast  work  of  home-building,  engineering, 
and  agriculture  is  opened  up  in  tiie  great 
West,  yet  the  land  and  timber  syndicates 
and  speculators  are  endeavoring  to  reap 
the  har\'est  ahead  of  the  settler.  The 
evidence  which  the  government  officials 
and  inspectors  have  amassed  shows  in 
figures,  in  black  and  white,  that  both  the 
Government  and  the  intending  settler  are 
losing  vast  sums  and  opportunities  annu- 
ally to  unscrupulous  manipulators  and 
speculators — unscrupulous  but  yet  indi- 
vidually not  entirely  to  blame,  because 
evervbodv  else  is  doing  the  same  thing. 

A  Telling  Arraignment 

The  following  ([notation  from  the  an- 
nual report  of  Secretary  Hitchcock  of 
the  Interior  Department,  regarrling  the 
operation  of  the  Timber  and  Stone  Law, 
may  be  taken  as  a  single  example : 

"The  reports  of  thq  special  aRcnts  of  this  De- 
partment in  the  field  show  that  at  some  of  the 
local  land  offices  carloads  of  entry  men  arrive 
at  a  time,  everv  one  of  whom  makes  entry  nn- 
der  the  Timhe'r  and  Stone  Act.  The  cost  of 
l6o  acres  of  land  under  that  act,  and  the  ac- 


companvinp  commi««iAn«.  t«  %*ic.  .ny  a« 

fiv. 

Sh.     ,    .  .;,.. 

cheerfully  ati«l   pay   the  price  oi  u| 

the   C()mml^'*l'lll'.       I'ndcr   such  ••* 

there  is  only  nm.-  c.  .n.-hisinn  to  1  nl 

that  is  that  wIkti  .>- 

pie  make  entry   \:  ity 

of  sentiment  and  the  cash  i  t  it  mu^t 

have   originated    in    some   s..ii  •'"•r    than 

themselves.     •     •     • 

"From  ''      '  •' 
duty  of  p- 

inroads  of  those  who  seek  to  despoil  it  is  an 

onerous  one,  and  is  a  matter  that  should  re- 
ceive the  early  and  careful  consideration  of  the 
Congress." 

The  Twelfth  National  Irrigation  Con- 
gress stood  s<iuarely  upon  the  platform 
that  the  i)ublic  resources  of  the  W  • 
its  land,  its  water,  and  its  timber — should 
l)e  administered  for  the  bejiefit  of  the 
people.  I-"urthermore,  while  it  endorsed 
the  provisions  of  the  National  Irrigation 
Law  and  the  work  of  the  Govcrinnent 
under  it.  it  recognize<l  that  the  reclama- 
tion of  the  West  through  the  funds  pro- 
vided by  that  law  nntst  be  a  compara- 
tively slow  process :  and  it  suggested  ad- 
vanced legislation  by  which  a<I«litional 
appropriations  shouM  be  made  to  carry 
on  the  work  more  rajjidly  and  in  a  man- 
ner connnensurate  with  the  greatness  of 
the  project. 

To  Allow  Local  Capital  to  Co-operate 

Recognizing  the  feature  of  the  law 
which  rcfpiires  the  repayment  of  the 
government  expenditures  by  the  settlers 
who  occupy  the  land,  it  further  sug- 
gested that  where  localities  desired  to 
advance  the  money  themselves,  they 
should  be  allowed  to  organize  into  "Irri- 
gation Districts;"  raise  funds  by  the  sale 
of  bonds,  under  the  approval  of  the  Sec- 
retary of  the  Interior;  and  practically 
turn  the  money  over  to  the  Government 
for  construction  nf  projects.     The  scope 
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of  these  resolutions  would  provide  for  a 
work  of  as  gTcat  map:nitude  and  import- 
ance as  the  river  and  harbor  construction 
work. 

Amontr     the     important      resolutions 
passed-  were  the  following : 


ernment  to  the  Reclamation  Fund,  to  be  used 
in  the  construction  of  projects  approved  by 
the  Secretary  of  the  Interior,  and  to  be  repaid 
by  the  owners  of  lands  benefited,  in  accordance 
with  the  provisions  of  the  present  law. 

"But  we  would  not  have  the  West  depend 
alone  upon  national  aid  in  the  deyelopment 
of  its  resources ;  and  urge  the  several  Western 


FORESTED  MOUNTAIN  SLOPES  IN  NORTHERN  CALIFORNIA. 


To  Augment  the  Irrigation  Construc- 
tion Fund 

"We  fully  recognize  that  the  funds  now 
available  are  inadequate  to  the  realization  of 
the  National  Irrigation  policy  upon  a  scale 
commensurate  with  the  opportunities  of  the 
West  and  the  needs  of  the  nation;  and  we 
favor  a  non-interest-bearing  loan  by  the  Gov- 


States  and  Territories  to  adopt  legislation  pro- 
viding for  the  formation  of  Irrigation  Dis- 
tricts which  shall  be  able  to  raise  funds  by 
the  sale  of  bonds,  said  Districts  to  be  organized 
only  upon  approval  by  the  Secretary  of  the 
Interior,  who  shall  employ  the  Engineers  of 
the  Reclamation  Service  in  the  construction  of 
district   irrigation   work.      By   this   means   the 


UFE  BLOOD  OF  THE  Uxl^j 
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Reclamation  Fund  will  Iw?  supplemented  to  the 

extent  of   millions  of  <1<'' 

and  Territory,  while  the 

administration   will    be   vastly 

commotid  this  subject  to  the  • 

of  the  legislatures  of  our  \Vr 

Territories." 
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OKtOON   HKb. 


How  Forests  Affect  Water  Supply 
Leaving  aside  the  fact  that  under  the 
Timber  and  Stoirc  Law,  which  allows 
syndicates  to  hire  men  to  use  their  rights 
and  acquire  160  acres  each  of  the  finest 
timber  land  in  the  world,  worth  as  Sec- 
retary Hitchcock  says,  $50  or  $100  an 


watersheds,  leaving  them  in  such  condi- 
ti(jn  that  they  no  longer  serve  as  nature's 
storage  water  reservoirs  of  the  mountain 
rains  and  snows.  Divested  of  tlieir  for- 
est covering,  the  hills  and  mountains  are 
quickly  gullied  by  the  melting  snows  ;  and 
destructive  floods  result,  to  be  succeeded 
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DESTRUCTIVE  LUMBERING  IN   MINNESOTA. 
Burned  stump  land,  Carlton  County. 


by  dry  watersheds.  On  the  other  hand, 
wliere  the  slopes  are  densely  covered 
with  trees  and  brush,  the  melting  is  grad- 
ual and  the  run-off  slow  and  protracted. 
This  means -that  forest  destruction  is  the 
destruction  of  the  water  supply,  and  in 
the  irrigated  region  this  is  fatal. 

Land-Law  Reform  an  Old  Question 

For  years  and  years,  Congress  has 
been  petitioned  and  urged  to  reform  the 
land  laws  of  the  West.  Presidents,  Sec- 
retaries of  the  Interior,  and  Commission- 
ers of  the  General  Land  Office,  despair- 
ing of  enforcing  laws  framed  for  the 
purpose  of  evasion,  have  officially  be- 
sought Congress  to  repeal  them ;  but  it  is 
a  sinister  fact  that  sufficient  Western  in- 
fluence has  already  appeared  to  thwart 
all  such  demands.  Meanwhile  the  coun- 
trv  has  been  losing  its  most  precious  and 
valuable  heritage,  while  the  people,  lit- 
tle understanding  the  birthright  which 
they  have  been  exchanging  for  a  mess 
of  pottage,  have  looked  apathetically  on. 

There  were  statesmen  in  the  recent 
Irrigation  Congress,  and  they  were  in  the 
majoritv.  They  voiced  the  sentiment  of 
the  President  in  his  message  to  Con- 
gress, and  in  his  splendid  talks  to  the 
people  of  the  West,  urging  that  the  best 


use  be  made  of  their  resources,  and  that 
patriotic  endeavor  be  made  to  bring  forth 
the  greatest  good  for  the  greatest  num- 
ber. 

A  Ringing  Message 

In  his  second  message  to  Congress,  the 
President  said : 

"Few  subjects  of  more  importance  have  been 
taken  up  by  the  Congress  in  recent  years  than 
the  inauguration  of  the  system  of  nationally 
aided  irrigation  for  the  arid  regions  of  the  far 
West.  A  good  beginning  therein  has  been 
made.  "Now  that  this  policy  of  national  irri- 
gation has  been  adopted,  the  need  of  thorough 
and  scientific  forest  protection  will  grow  more 
rapidly  than  ever  throughout  the  public-land 
States. 

"So  far  as  they  are  available  for  agriculture, 
and  to  whatever  extent  they  may  be  reclaimed 
under  the  National  Irrigation  Law,  the  remain- 
ing public  lands  should  be  held  rigidly  for  the 
home-builder,  the  settler  who  lives  on  his  land 
— and  for  no  one  else.  In  their  actual  use,  the 
Desert  Land  Law,  the  Timber  and  Stone  Law, 
and  the  Commutation  clause  of  the  Homestead 
Law  have  been  so  perverted  from  the  intention 
with  which  they  were  enacted  as  to  permit  the 
acquisition  of  large  areas  of  the  public  domain 
for  other  than  actual  settlers,  and  the  conse- 
quent prevention  of  settlemxcnt." 

The  Old  Homestead  Spirit 

In  the  President's  speeches  during  his 
tour,  the 


last  western 


following 
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one  extract  of  a  score  or  m<.rr-  nlm 
same  broad  lines: 

'•\Vc  should  handle  all  problems  such  as 
these  of  forestry  and  of     '  'id 

use  of  our  waters,  from  i  liic 

prominent  interests  of  the  home-maker  in  any 
reKioji — the   man   who  comes   in.   not   t^   •-'  • 
what  he  can  out  of  the  soil,  and  leave.  \ 
exploited  the  covnitry,  hv 
therein,  to  hriiip  up  his  c 

them  the  heritage  in   the  country  not  merely 
unimpaired  but  if  possible  even  improved. 

"Tlie  one  sure  te>*t  of  all  public-land  leffis- 
lation  should  be — Docs  it  help  to  make  and 
keep  prosperous  homes?  If  it  docs.  t'~  legis- 
lation is  pood.  If  it  does  not.  the  le  is 
bad.     Certain  of  our  land  laws,-  howc>^>     ■  i..  ' 
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Cost  in  Engineering  Work 

The  Necessity  for  its  Limitation 


By   ULNRV    I.BALLANTYNE 


THE  relations  of  the  enjjineer  and 
of  cn.e^ineerin.i;  work  to  industrial 
and  commercial  atTairs  are  varied 
and   quite   complex.      There  are 
cng-inecrs  who  are  engaged  wholly  in  re- 
search and  other  forms  of  purely  scien- 
tific work  ;  there  are  engineers  cngagetl 
in  invention  and  design,  the  making  of 
analyses,  and  other  purely  technical  work 
for  industrial  and  commercial  interests; 
and.  again,  there  are  engineers  who.  pos- 
sessing a  certain  amount  of  scientific  and 
technical  knowledge,  are  required  to  act 
as  advisers  and  interpreters  to  those  who 
have  engineering  work  to  do  but  who  arc 
not    familiar    with    engineering    require- 
ments.    To  this  class    belongs    the    en- 


gineer now  included  broadly  under  the 
title  of  "Consulting  Engineer. "  who  is 
re(|uired  to  take  up  many  considerations 
other  than  the  i)urely  scientific  and  tech- 
nical. Prominent  among  these  is  the 
question  of  cost,  and  the  necessity  for 
limiting  the  amount  of  money  to  be  used 
in  the  accomplishment  of  a  given  pur- 
pose. 

It  is  this  p'--'  ••  "f  the  engineer's  work 
that  will  be  »  !ed  at  this  time;  and. 

for  the  sake  of  simplicity,  we  shall  con- 
fine our  attention  to  tlv  '  *'  ■■- 
gineer  in  his  strictly  p:  , 
ity.  and  in  connection  more  particularly 
with  private  enterprises  of  an  industrial 
character. 
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The  company,  or  individual,  by  whom 
the  engineer  is  em])loyed  are  men  who 
engage  in  business  that  they  may  forward 
their  own  interests  by  the  making  of 
money.  It  is  not  the  business  man's  pur- 
pose, primarily,  to  construct  perfect  en- 
gineering structures  or  to  produce  the 
most  perfect  article  for  sale.  He  does 
require  an  efificient  structure  or  mechan- 
ism to  do  certain  work,  and  he  is  required 
to  produce  the  best  article  that  can  be 
made  within  certain  limits ;  these  limits. 
however,  are  not  necessarily  such  as  are 
set  by  the  state  of  the  art  in  question,  but 
the  conditions  by  and  under  which  it  is 
possible  to  earn  a  satisfactory  profit  and 
establish  a  business  of  permanent  value. 
The  business  man,  therefore,  when  he 
consults  an  engineer,  does  so  in  order 
that  he  may  be  enabled  to  construct  a 
building,  erect  a  bridge,  or  install  a  power 
plant  so  that  by  its  use  he  may  obtain 
the  greatest  advantage  possible  out  of  a 
certain  line  of  industrial  efifort.  The 
financial  consideration  is  of  fundamental 
importance  in  every  problem  of  the  kind 
now  before  us,  and  under  this  head  is 
included  the  subject  of  investment  and 
cost  of  work  done,  of  which  the  cost  of 
engineering  work  is  frequently  a  very 
important  factor.' 

Professor  Rankine  has  defined  the  en- 
gineer as  "he  who,  by  act  and  science, 
makes  the  mechanical  properties  of  mat- 
ter serve  the  ends  of  man."  To  be  an 
engineer  requires  that  a  man  be  ac- 
quainted with  certain  natural  laws,  the 
nature  and  properties  of  various  materi- 
als, and  the  arts  developed  by  man,  sub- 
ject to  these  laws,  for  turning  these  ma- 
terials to  serve  the  needs  of  mankind.  To 
serve  those  needs,  not  only  must  the  de- 
sign, materials,  and  construction  be  good, 
but  the  work  must  be  done  at  a  cost 
which,  under  the  conditions  existing  and 
for  the  purpose  Intended,  will  produce 
results  that  will  compare  favorably  with 
those  of  other  work  which  has  been  con- 
structed for  a  similar  purpose  and  with 
which  it  must  compete. 

Another  writer,  A.  M.  Wellington,  de- 
fines engineering,  widely  but  not  inaptly, 
as  "the  art  of  doing  that  well  with  one 
dollar  which  any  bungler  can  do  with 
two  after  a  fashion."  The  engineer, 
therefore,  must  procure  his  results  in 
such  a  way  that  the  cost  of  the  materials 


used  is  reasonable  ;  and  the  materials  used 
and  the  manner  of  using  them  must  be 
so  adjusted  to  conditions  that  the  user — 
the  business  man — may  be  able  to  show 
the  best  return  possible  as  a  result  of 
his  operations. 

To  perform  his  duties  successfully,  the 
engineer  should  be  so  qualified  that, 
through  the  possession  of  special  knowl- 
edge, he  can  furnish  to  the  non-technical 
man  such  information  as  he  requires  on 
engineering  subjects  ;  design  and  execute 
work  requiring  special  technical  skill  and 
knowledge  ;  and  be  able  so  to  appreciate 
and  understand  the  conditions  and  re- 
quirements of  the  business  man,  that  it  is 
possible  to  produce  work  that  will  answer 
its  purpose  to  the  fullest  extent. 

The  qualities  and  training  that  will  fit 
a  man  for  the  duties  and  responsibilities 
of  the  engineer  are  very  considerable. 
There  must  be  natural  aptitude  and  abil- 
ity, technical  training,  and  a  broad  ex- 
perience. 

The  importance  to  the  engineer  of  a 
sound  technical  education  is  pretty  gen- 
erally recognized  :  also  the  necessity  for 
a  knowledge  of  the  best  materials  and 
equipment  to  use,  and  the  proper  method 
of  design  and  construction  of  engineering 
work.  Having  been  endowed  with  rea- 
sonable aptitude  and  ability,  the  founda-. 
tion  on  which  success  in  engineering 
work  depends  is  a  thorough  technical  ed- 
ucation and  training.  To  this,  however, 
must  be  added  a  knowledge  of  and  a 
familiarity  with  the  practical  conditions 
under  which  engineering  work  is  done ; 
the  methods  of  manufacture  and  the  rel- 
ative merits  of  different  makes  of  goods  ; 
the  adaptability  of  special  kinds  of  equip- 
ment ;  cost  and  efficiency  ;  and  a  knowl- 
edge of  human  nature,  business  methods, 
and  a  multitude  of  other  points  on  which 
knowledge  can  be  obtained  only  by  living 
with  or  under  business  conditions  as  they 
actually  exist.  This  experience  enables 
a  man  to  act  with  judgment — the  basis 
for  which  is,  primarily,  the  ability  to 
make  comparisons — and  also  to  go  for- 
ward with  promptness  and  conifidence, 
which  are  essential  factors  to  success. 

What  the  duty  and  province  of  the 
engineer  is.  and  what  his  responsibility 
to  hjs  client  in  regard  to  financial  consid- 
erations, are  subjects  on  which  consider- 
able difference  of  opinion  exists.    It  may 
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be  considered  by  some  tbat  the  engineer 
who  studies  the  physical  conditions  umkr 
which  certain  work  must  be  done,  w! 
accomphslics  a  given  object  in  a  sinii;. 
and  economical  manner  and  requires  the 
use  of  only  the  most  suitable  materials 
and  construction,  has  done  all  that  is  re- 
(juired  of  him.  lUit  this,  frequently,  is 
not  enough.  The  work  must  be  done 
with  due  consideration  for  the  amount  of 
money  which  is  available  for  the  purpose, 
or  which  it  is  justifiable  to  invest  in  the 
enterprise.  A  consideration  of  total  cost 
and  a  wise  limitation  of  investment,  are 
imitortant  features  in  engineering  work. 
What  the  engineer's  relation  to  these 
problems  shall  be,  will  vary  greatly;  and 
his  op|)ortunity  to  consider  the  broad 
questions  of  pcMicy  and  the  desirability  of 
investment  will  also  vary  greatly.  In  some 
cases  and  for. some  engineers,  this  aspect 
of  the  problem  may  l)e  entirely  outside 
his  field.  On  the  other  hanfl,  there  is 
a  tendency  at  the  present  time  towards 
a  broader  and  more  comprehensive  view 
of  conditions  and  requirements  ;  and,  just 
as  there  are  lawyers  who  are  known  as 
'"business"  lawyers,  so  there  are  engineers 
who  might  be  known  as  "business"  en- 
gineers. To  these,  particularly,  comes 
the  duty  and  responsibility  of  consider- 
ing the  desirability  ^)i  investment  and  the 
possibility  of  return. 

To  the  business  man  the  financial  con- 
sideration is  of  the  first  importance  in  the 
ordinary  engineering  i)roblem,  and  must 
be  provided  for  by  him.  in  co-operation, 
as  far  as  possible  —  with  the  engineer. 
Some  engineers  —  more  particularly  the 
younger  men — are  not  inclined  to  con- 
sider financial  matters  of  the  same  im- 
portance as  do  their  client,  the  business 
man,  and  fref|uently  feel  that  a  barrier 
is  being  placed  in  their  way  more  or  less 
unnecessarily,  instead  of  as  one  of  the  set 
and  recognized  conditions  under  which 
they  must  work.  This  is  due.  largely, 
to  a  misunderstanding  of,  and  a  lack  of 
appreciation  of.  the  limitations  and  con- 
ditions by  whicli  the  business  man  is 
bound,  and  with  which  he  must  comply 
just  as  surely  and  as  truly  as  the  engineer 
must  comply  with  the  laws  and  forces 
which  govern  him  in  the  design  and  con- 
struction of  his  work.  The  ability  to 
understand  and  appreciate  the  laws  of 
business,  and   a  knowledge  of  business 
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the  facts  and  stand  by  ihcm. 

W'e  shall  not  stop  to  consiijer  the  ques- 
tion of  technical  ability  or  ■  '  '  •  ' 
and  the  method  of  determii.....^  ... 
shall  i)ass  on  to  the  question  of  inv'  -. 
ment  and  the  necessity  for  limitaticjn  of 
total  cost.  W'e  all,  rlonbtlcss,  know  of 
instances  in  which  work  has  been  de- 
signed with  an  apparent  disregard  for 
cost  limitation.  The  writer  has  in  mind 
a  case  at  this  lime,  in  which  an  architect 
was  engaged  to  design  a  house  calling 
for  a  moderate  e.xpenditure  of  money, 
notwithstanding  which  plans  were  prc- 
I)arcd  for  a  building  of  comparatively 
expensive  construction,  with  the  result 
that  when  completed  the  cost  of  the 
structure  was  largely  in  excess  of  what 
it  shoidd  have  been,  and  the  owner  was 
unable  to  live  in  the  house.  In  another 
case,  a  company  which  was  doing  a  mod- 
erate-sized but  prosperous  business,  de- 
cided that  it  must  have  a  new.  large,  and 
modern  plant,  engaged  an  engineer,  built 
the  plant,  and  then  could  not  operate  it 
for  lack  of  working  capital.  And  in  still 
another  case,  a  large  corporation  engaged 
an  engineer  to  desigti  a  plant  to  do  a 
certain  class  of  work,  which  he  did  at  a 
cost  of  froiu  two  to  two  and  one-half 
tiiues  the  amount  investerl  by  the  com- 
pany's comjjetitors  in  plants  tbat  an- 
swered the  same  purpose,  with  the  result 
that  the  greater  part  of  the  company's 
capital  was  ticfl  up  in  this  plant,  with  the 
attendant  enormous  fixed  charges.  After 
a  struggle  to  carry  the  load,  the  company 
went  into  the  hands  of  a  receiver. 

These    are    a    few    examples,    wlr'''' 
nu'ght  be  multiplied  indefinitely,  of  r.i 
where  poor  judgment  and  an  ignorance 
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of  or  disregard  for  the  tacts  ended  dis- 
astrously. 

When  a  man  builds  a  house,  he  must 
count  the  cost;  he  must  provide  funds 
with  which  to  pay  the  builder ;  he  must 
figure  out  the  interest  on  the  investment, 
allow  for  depreciation  and  maintenance, 
and  still  have  means  to  pay  his  tax  bill 
and  many  others.  The  primary  purpose 
of  building  a  house  is  to  provide  a  place 
in  which  to  live.  Therefore,  no  matter 
how  well  the  house  may  be  planned,  how 
artistic  its  appearance  or  how  substantial 
its  construction,  unless  the  person  who 
proposes  to  live  in  the  house  can  afford 
to  pay  these  expenses  for  the  purpose  for 
which  the  structure  was  intended,  it  is 
a  failure. 

An  engineer  may  design  a  plant  which 
is  technically  a  model.  Everything  about 
it  may  be  of  the  best,  and  be  bought  at 
the  best  prices  for  which  such  material 
and  equipment  can  be  obtained  ;  buildings 
may  be  erected  and  machinery  installed 
under  the  most  skilled  superintendence 
and  at  low  cost,  and  may  be  able  to  turn 
out  the  finest  product  possible.  All  this 
may  be  so ;  and  yet,  as  a  business  enter- 
prise, for  the  purpose  and  under  the  con- 
ditions for  which  it  was  built,  the  plant 
may  be  a  commercial  failure  and  be  com- 
paratively valueless  when  completed,  ow- 
ing to  a  lack  of  sound  judgment,  and 
nesflect  to  count  the  whole  cost  before 
beginning  work.  In  this  case  the  result 
may  be  that,  though  the  plant  is  a  fine 
one  and  though  it  is  possible  to  pay  the 
contractors  and  others  in  a  satisfactory 
manner,  yet  the  management  finally  finds 
itself  face  to  face  with  the  fact  that  it  has 
used  up  its  credit  and  has  not  sufficient 
available  capital  with  which  to  carry  on 
a  profitable  business. 

Or  suppose  a  company  wishes  to  un- 
dertake the  manufacture  of  some  article 
for  general  commercial  use.  The  article 
in  question  will  not  command  in  the  mar- 
ket more  than  a  certain  price,  and  only 
a  limited  number  may  be  required.  It 
will  be  necessary  so  to  limit  the  invest- 
ment, and  to  allow  such  a  margin  be- 
tween selling  and  manufacturing  cost 
prices  as  that  all  expenses  will  be  covered, 
interest  on  plant  and  other  equipment 
paid,  depreciation  and  cost  of  mainten- 
ance provided  for.  and  payment  made 
of  salaries,  labor,  interest  on  borrow^ed 


money,  selling  and  other  expenses,  and 
still  a  margin  be  left  for  the  owner  or 
shareholders.  Unless  the  business  can 
do  this,  it,  too,  is  a  failure. 

It  is  therefore  well  for  the  engmeer 
to  bear  in  mind  the  following  points : 

That  the  business  man  is  limited  by 
conditions  as  fixed  and  unalterable  as  the 
laws  which  govern  the  engineer ;  that  he 
must  not, only  be  able  to  provide  the  nec- 
essary capital  with  which  to  build  a  plant, 
but  must  earn  interest  on  the  capital  in- 
vested, must  provide  for  depreciation, 
make  repairs,  and  buy  new  equipment, 
must  buy  raw  materials,  must  pay  labor, 
selling,  and  other  expenses,  must  show 
a  profit  for  the  owners  or  shareholders, 
and,  with  all  this,  must  still  sell  the  prod- 
uct at  such  a  price  that  it  wall  find  a  ready 
sale  in  competition  with  the  product  of 
other  companies  who  are  adopting  every 
means  possible  to  reduce  costs  and  to  be 
able  in  this  way  to  reduce  the  selling 
price  and  control  the  market. 

The  engineer  should  also  bear  in  mind 
that  the  business  man  must  not  only  buy 
cheaply,  operate  skilfully,  and  sell  well, 
but  must  do  the  maximum  amount  of 
business  possible  with  available  capital, 
and  still  keep  his  expenses  at  a  minimum. 
This  can  be  done  only  by  limiting  the 
amount  invested  in  the  plant,  the  result 
being  that  not  only  is  more  money  left 
with  which  to  do  iDusiness,  but  a  reduc- 
tion is  made  in  interest  charges,  taxes, 
and  other  expenses  which,  once  incurred, 
cannot  be  eliminated  by  even  the  most 
efficient  management. 

It  must  also  be  borne  in  mind  that  it 
is  the  duty  of  the  engineer  to  produce 
the  most  efficient  equipment  obtainable 
with  the  available  capital,  and  that  the 
earning  capacity  of  an  enterprise  should 
be  determined  as  accurately  as  possible 
before  undertaking  such  enterprise. 
Further,  that  where  the  experience  of  the 
projectors  is  limited  or  the  enterprise  new 
and  untried,  a  conservative  attitude 
should  be  assumed,  and  only  a  sufficient 
amount  invested  to  determine  the  value 
of  the  undertaking ;  and  that  no  man  or 
group  of  men  should  invest  in  an  experi- 
mental undertaking  more  than  they  can 
afiford  to  lose  and  still  maintain  them- 
selves. 

It  is  also  recommended  that  the  en- 
gineer acquaint  himself  with  the  general 


methods  of  financiers  and  business  men. 
so  tliat  he  may  luulcrstan*!  more  fret", 
the  methods  aiul  conditions  hy  wliich  the 
business  man  is  bound  ;  and  that  he  ac- 
quire a  general  knowledj^e  of  the  prin- 
ciples of  accountinjij.  by  which  the  busi- 
ness man  determines  the  results  <'  ' 
operations. 

The  enj^ineer  who  most  fully  accom- 
moilates  himself  t<i  the  needs  of  his  client, 
the  business  man,  an<l  thereby  enables 
him  to  conduct  a  successful  business-    ^i'l 
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Life's  Tragedies 


TIIOU  art  not  to  he  pitied,  who  hast  known 
The  threat  of  midnight  when  the  forelands  moan 
And  all  the  winds  are  ont : 
Dread  and  despair  and  anguish,  the  great  things 
That  sit  like  crowns  npon  the  brows  of  Kings 

Or  that  Queens  weep  about — 
If  by  these  only  thou  hast  been  accursed. 
Grieve  not  too  much  ;  for  these  are  not  the  wor^t 

It  is  the  slow  ami  softly  dropping  tears 

That  bring  the  furrows  to  man's  face  :    the  years. 

Falling  and  fall'n  in  vain, 
That  turn  the  gold  to  gray  upon  his  head ; 
And  the  dull  days  to  disappointment  weil. 

And  pain  that  follows  pain, 
That  make  life  bitter  in  the  mouth,  and  strew 
The  dead  with  roses,  but  the  quick  with  yew. 

Better  a  wide  and  windy  worhl.  and  scnix: 
For  rise  and  downfall  of  a  mighty  hope, 

Than   many  little   ills; 
Better  the  sudden   horror,  the  swift  wrong. 
Than  doubts  and  cares  that  die  not,  and  the  long 

Monotony  that  kills. 
The  empty  dawns,  pale  stars,  and  narrow  skies, 
Mean  hopes,  mean  fears,  mean  sorrows,  and  mean  sighs. 

—Gerald  Gould  in  Th€  Spectator. 
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THE   ELMS  AT  ST.  CHARLES. 

The  pictorial  charm  of  this  photograph  is  obvious  enough ;  but  the  elements  on  which  its  appeal  depends  are  not  at  first 

glance  apparent.      As  a  matter  of  fact,  the  beautj»  of  the  arrangement  is  found  in  the  volute  curve  which 

bounds  the  foliage  mass  of  the  more  distant  elm,  and  connects  that  mass  with  the  grassy  roadside. 

Subordinate  beauty  is  found  in  the  repetition  of  lines  in  the  branches  of  the  nearer  and 

farther  elms._  As  a  matter  of  pure  technique,  this  print  is  a  good  example  of 

machine  development,"  everything  possible  to  be  represented 

by  the  scene  being  well  preserved  in  the  negative. 
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Principles   of  Artistic    Photography 

Rtftfulatintf   Color    Etreols  — Priniinrf    Processes     lnieiU)r   Work.    Portrtltn,    Land- 
scapes, and  Other  Special  Applications 


fourth  aiit.1  1  inal  Paper* 


By    LOUIS    A.    LAMU 
K«iitor.  I'tt  ai.i  /\'it 


iJT  is  justifiable  to  assume 
that  tlie  photoj^raphcr  is 
now  preparcil  to  make 
ncj^atives  of  "staiularj 
(luality,"  of  wcU-choscn 
ami  suital)ly  arran.crcd  sub- 
jects— in  sliort.  such  ncc^a- 
tives  as  are  worth  the  labor  and  cxjiense 
of  printing^.  For  the  sake  of  a  clear  un- 
derstanding^, it  may  be  well  to  recapit- 
ulate the  prime  essentials  of  "quality" 
in  a  negative.  Naturally,  truthfulness  is 
entitled  to  first  place ;  and  under  this 
head  will  be  conii)rised  correct  "ton- 
ality ;"  correct  lighting, 
to  display  the  essential 
character  of  the  subject : 
proper  focusing,  to  re- 
veal differences  in  con- 
trtur  and  texture ;  and 
freedom  from  <lamaging 
distortion  .  of  image, 
throng  h  ill-advised 
choice  of  louses  or  faulty 
position  of  the  camera. 

The  "Standard" 
Negative 

The  ideal  negative  is 
one  of  moderate  density 
in  the  opaque  parts  cor- 
responding to  the  high- 
est lights,  and  sufficient- 
Iv  veiled  with  the  silver 
deposit  even  in  the  deep- 
est   shadows,    or    trans- 


parent parts,  to  insure  ^rn<laiion 
in  the  darks  as  well  as  in  the 
lights.  IJctwcen  the  extremes  of  ab- 
solute o|)acity,  to  represent  the  extreme 
high  note  of  the  total  gamut,  and 
a  small  area  of  great  transparency,  stand- 
ing for  the  small  mass  of  very  dense 
shadow  in  the  subject,  there  should  be 
a  sensibly  even  graduation  of  the  deposit 
in  conformity  with  the  range  of  light  and 
shade  depicted. 

Color  EfFects 
Except  as  non-actinic  color.s  in  the  sub- 


•  Note. — The  first,  second,  and 
third  papers  of  this  serics"appeared 
in  February.  March,  and  April  re- 
spectively. Another  paper  frorn  Mr. 
Lamb,  dealing  with  some  topic  of 
special  interest  in  photography. 
may  be  looked  for  in  the  near 
future. 
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SfRF  AT  NANTl'CKET. 

A  good  example  of  skilful  print  manipulation,  the  work  of  Mr.  Earl  H.  Reed.    The  negative  of  the  wave,  being 

of  necessity  timed  to  arrest  motion,  showed  little  of  the  sky  detail  which  the  operator  thought  essential 

to  the  picture.    Accordingly  he  "blocked  out"  the  sky  with  opaque  paper  while  printing  the 

wave,  and  subsequently  printed  in  a  Jackson  Park  (Chicago)  sky  by  "masking"  out  the 

wave  print.    A  little  judicious  "sunning  down"  of  the  junction  line  makes  the 

"dodge"  imperceptible.    The  effect  is  certainly  harmonious  and  pleasing, 

whereas  a  blank    sky  would  have  been   cold  and  forbidding. 


ject  introduce  errors  of  scale,  it  is  quite 
feasible  to  obtain  negatives  of  this  stand- 
ard quality  by  the  "machine"  method  of 
development  which  has  been  recom- 
mended in  this  series  of  papers.  But  the 
use  of  color-sensitive  plates  and  the  ad- 
justed ray  filters  recommended  by  the 
plate  makers  puts  it  within  the  scope  of 
any  worker  to  obtain  "standard  neg- 
atives" irrespective  of  the  color  dififi- 
culties  which  his  work  may  involve,  if  he 
will  only  take  the  pains  to  learn  the  spe- 
cific qualities  of  the  available  brands  of 
plates,  and  the  equally  essential  facts 
about  the  light  filters  with  which  they 
are  designed  to  be  used. 

The  novice  is  deluded  too  frequently 
by  the  belief  that  an  exceedingly  brilliant 
negative  is  necessary  for  good  results  in 
the  printing  frame.  As  a  matter  of  fact, 
such  negatives  are  of  little  merit,  yield- 
ing prints  harsh  in  quality  and  false  in 
tonality.  A  negative  of  that  quality 
which  we  commonly  associate  with  slides 
for  the  projection  lantern,  is  most  un- 
satisfactory for  printing ;  and  if  it  is  pos- 
sible to  duplicate  the  exposure  under 
more  favorable  conditions  it  should  be 
done.  Speaking  generally,  we  may  say 
that  there  is  no  branch  of  photography 


in  which  "clear  glass  and  black"  nega- 
tives are  desirable  except  that  which  has 
to  do  with  reproductions  for  the  print- 
ing press — line  copying  or  half-tone 
screen  work. 


Copying  Flat  Subjects 

When  the  worker  desires  to  copy  draw- 
ings or  flat  subjects,  having  in  mind  the 
most  intense  possible  relief  for  the  blacks 
and  wishing  whites  absolutely  free  from 
tint,  he  can  easily  obtain  the  proper  kind 
of  negatives  by  using  slow  emulsions  or 
"contrast  plates,"  giving  long  exposures, 
and  developing  in  a  solution  of  hydro- 
quinone  and  bromide  of  potassium.  The 
following  formula  will  be  found  excel- 
lent for  this  purpose,  but  it  is  not  at  all 
suitable  for  pictorial  work : 

Developer  for  Contrast  Plates 

Water  12  ounces 

Hydroquinone   60  grains 

Sulphite  of  soda   (dry) 120  grains 

Carbonate  of  soda   (dry) 240  grains 

Bromide  of  potassium 30  grains 

This  developer  works  slowly  at  temper- 
atures lower  than  70  degrees  Fahrenheit, 
even  in  cases  of  violent  over-exposure ; 
but  it  will  reproduce  jet  black  lines  as 
absolutely  clear  glass,  and  white  paper 
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with  a  silver  deposit  so  opaque  that  a! 
most  any  amount  of  printin-  oan  be  j^iv< 
without  dcgraclinjT  tlic  hijjh  lif^hts  of  the 
print. 


Printing  Processes 

IimumcraMo  j)rintinc:  processes  are  at 
the   command   of  the   photographer,  all 
good  for  certain  puq)oscs.  and  the  choice      papers  —  thi 
in   specific  cases   depending-  entirely  on      well  be  chosen 
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LIBRARY  INTERIOR. 

The  advantages  and  disadvantagi-s  of  short-f  "  -■-  i  - 

Kraph.    The  lens  is  oriu  of  V*)  niilliiuflei 

inches  in  si/e.     This  picture.  howuVLi .  .        ,  ...^.. 
times  Ihu  area  for  which  the  K-ns  is  r.iitil.     It  v 
hand  bookshelves  is  distoited,  th.ii  ihe  per' , 

and  that  the  upper  corners  of  the  view  are  daik,  owun;  lo  ; 
small  for  the  plate.   Inasmuch,  however,  n^  llii«  pK-i'ir. 
the  lens  at  full  aperture  '  e.s.  ii 
ful  example  of  the  scope  .< 

auastiKluats   of   the    h\uiuin.  n   n    cm"-- 


the  needs  of  the  moment,  rermanency. 
pictorial  effect,  and  extreme  sharpness 
are  the  three  qualities  ordinarily  con- 
sidered in  selecting'  a  printing  paper.  If 
an  immutable  record  is  wanted,  there  can 
be  no  doubt  that  the  printer  will  choose  a 
platinotvjx'  stock,  or  one  of  tlie  "aristo" 
papers  suitable  for  toning  in  chloro-plat- 
inite  of  potassium ;  or  a  carbon  tissue  in 
some  of  the  permanent  pigments  —  en- 
graving black  or  iron-oxide  red  prefer- 


easy  to  work  ;  properly  fixed  and  washe<l, 
they   give   prints  of  ver  a- 

nency ;  and   they  enable  ,       ..rn 

out  a  great  amount  of  u  work  in 

a  short  time,  regardless  of  sun  or  clouds. 
Those  who  pursue     '  '  m- 

cipally  as  an  adjunct  «.  .-.  ;   .  d- 

lustrations.  will  require  papers  of  the  gel- 
atino-chloride  class,  the  glossy,  sun-print- 
ing papers,  usually  described  under  the 
mvstic  term  'T.  O.   P."     Such  prints, 
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properly  toned  in  gfokl.  and  pivcn  a  .i,'/(if^     over  ; 
surface  by  drying:  •"  contact  with  a  jap-      ti 
anned  or  ferrotype  plate,  arc  almost  uni-      '\saii    i  .m 
versally  preferred  by  process  eivjrrivcrs.      Any   kinl 
lV)r   permanent    records.   ho\\t\  is      coated  w 

open  to  (|utstion  wlu-ther  the  amateur 
can  be  trusted  to  handle  printini:^-ont 
paper  successfully.  I'lik'ss  every  mole- 
cule of  any  compounti  containinj^  sulphur 
is  eliminated  from  the  imatre  film,  these 


nium  ch! 
soda   (  itxj 

dr.'ti-Viin^ .   in    .. 

di  I'o  he 

over  with  a  solulj' 


We  have  here  a  graceful  record  of  infant  life,  illustratinc  (he  value  of  "  borrowed  "  and  reflpclod  IikIiI  in  all  interior 

plioiOi;raphs.  where  the  possibility  of  uioiion  nink'-  '  •  ■■  ' •    •         •■  ■  •     15  here  »cen 

lyitu:  upon  a  wliite  coverlet,  in  a  room  witl.  <  UMi 

a  shutter  spceii  iiiucii  higher  than  \vi 

had  been  dark  or  of  a  non-actioic  coloi . 


prints  will  deteriorate  under  the  action 
of  the  air.  an<l  in  a  few  years  turn  yellow 
or  fade  out  entirely.  The  writer  has 
prints  on  s:jasli.<,dit  jiapers.  [)rinted  and 
developed  nearly  eight  years  ago.  which 
are  still  as  good  as  they  ever  were, 
though  they  were  only  slightly  fixed  and 
merely  rinsed  in  water ;  but  prints  on 
glossy  paper,  matle  at  the  same  time  and 
carefully  washed,  have  discolored  and 
faded  so  as  to  be  useless. 

The  seeker  for  laurels  as  a  "pictorial- 
ist"  will  US"  ])latinotype  paj)er.  mercury 
toned :  or  one  of  the  fcrro-silver  papers 
sold  under  the  trade  name  "sepia  :*'  or 
more  likely  he  will  turn  to  "gum  bi- 
chromate" printing  as  the  most  likely 
"vvay  to  fame. 

Students  of  design  and  illustrators  fre- 
quently have  occasion  to  make  drawings 


60  grains  to  the  ounce,  and  <lried  in  tlie 
dark.  Prints  on  this  paper  may  l)e  toned 
in  gold  if  desired,  or  drawings  in  water- 
proof india  ink  may  be  marie  over  the 
silver  image.  When  the  pen-work  is 
finished,  all  the  photogra|)hic  color  may 
be  discharged  by  a  mercuric  chloride  so- 
lution :   and.  after   wn  '' '     '"ving. 

you  will  have  a  line  <i  le  for 

zinc  etching. 

Blue-Print* 

Ordinary  "blue-prints"  are  of  great 
utility.  an(l  so  cheap  as  to  l>e  of  vaUie  in 
innumerable  departments  of  '  '  "V. 
No    house    is    built,    no    n> " '  n- 

structed.  no  bridge  erecle«l-  g  in- 

volving structural  technology  is  done 
anywhere  in  the  world.  '  '  the  aid 
of  "blue-prints. '    The  pn...      .    .,f  snrh 
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Home.  Portraiture. 
In  making  portraits  in  the  house,  the  amateur  usually  has 
extreme   dithculty  in   giving   his   subject   predominance 
over  the  furniture  and  wall-paper.     Where  short-focus 
lenses  are  used,  this  is  a   trouble  hard  to  correct 
without  introducing  general  "fuzziness."    The  true 
"portrait  effect"   can  be  obtained,  however,  by 
bringing  the   lens  as  close  as  possible  to  the 
sitter    and    employing    a    suitable   draw  of 
bellows.     In  this  way,  if  the  focus  is  sharp 
on  the  subject,  the  background  and  acces- 
sories are  left  indistinct.      In  all  work 
of  this  kind,  great  care  is  necessary 
in  order  to  have  lines,  masses,  and 
draperies   agreeably  arranged. 

value  and  utility  that  we  may  as  well  give 

a  formula  for  the  solution: 

Blue-Prixt  Solution 

Ammonia-Citrate    of    Iron 80  grains 

Ferricyanide  of  Potash    (red  prus- 

siate)    I   drachm 

Dissolve  separately,  each  in  an  ounce  of  pure 
water.  ]Mix  just  before  use;  and  apply  to  any 
good,  "hard"  paper,  with  a  swab  of  cotton. 
Dry  paper  in  the  dark,  and  print  in  direct  sun- 
shine until  shadows  are  "bronzed"  or  gray. 
Develop  in  an  excess  of  pure  water. 

These  prints  are  very  durable  and  well 
worth  making,  even  from  negatives 
which  seem  hardly  to  justify  the  use  of 
costlier  papers.  As  in  the  case  of  the 
'"plain-salted"  paper  just  described,  it  is 
possible  to  draw  in  pen-and-ink  style  over 
a  blue-print  image,  subsequently  bleach- 
ing out  the  blue  color  by  immersing  the 
print  in  weak  alkaline  solutions  —  am- 
monia or  carbonate  of  soda. 

Platinotype  Process 

For  the  worker  who  desires  to  display 
the  utmost  individuality  in  his  printing, 


two  media  are  available — platinotype  and 
gum  bichromate.  The  former  process 
depends  on  prepared  papers,  of  which 
there  are  many  good  brands  calling  for 
similar  treatment  and  amenable  to  similar 
manipulative  variations,  giving  a  range 
of  tones  from  flesh  pink  to  intense  black. 
This  process  also  permits  of  local  de- 
velopment, and  restraint  with  glycerin, 
so  that  the  accomplished  artist  can  ob- 
tain efifects  closely  assimilating  those  of 
a  wash-drawing. 

Gum  Bichromate  Process 

Gum  bichromate  printing  is  distinctive- 
ly a  "home"  affair,  for  the  reason  that  the 
worker  does  everything  himself,  and  pays 
for  nothing  but  the  raw  materials.  He 
may  choose  such  papers  as  he  likes,  any 
pigments  which  are  agreeable ;  and,  by 
proper  variation  of  his  materials,  he  can 
produce  pictures  either  very  cold  and 
sharp,  or  very  sympathetic  and  warm, 
with  all  degrees  of  intermediate  grada- 
tion. 

Briefly,  the  process  consists  in  the  fol- 
lowing steps : 

Stout  paper,  preferably  slightly  sized,  is 
evenly  painted  over  with  a  mixture  of  thick 
gum  arabic  mucilage,  coloring  matter,  and  a 
small  percentage  of  bichromate  of  potassium. 
The  coated  paper  is  dried  in  the  dark,  and  ex- 
posed under  a  negative  as  long  as  would  be 
required  to  give  a  fair  print  on  "printing-out" 
paper.  The  printed  paper  is  then  immersed  in 
cold  water  to  dissolve  away  the  parts  of  the 
pigmented  surface  on  which  the  light  has  not 
acted,  or  acted  only  slightly.  The  film  is  ren- 
dered insoluble  in  the  clear  glass  parts  of  a 
negative,  by  a  very  short  exposure  to  full  sun- 
light.   Hence  well-graded  negatives  are  needed. 

If  finer  detail  is  desired,  it  is  better  to  sub- 
stitute glue  or  gelatine  for  the  gum  arabic. 
In  this  case  a  shorter  exposure  will  suffice, 
and  warm  or  hot  water  may  be  used  for  the 
development  of  the  print.  Mixtures  of  gum 
and  glue  enable  the  worker  to  gauge  the  solu- 
bility or  sensitiveness  of  his  film  with  such 
accuracy  that  it  is  easily  within  his  power  to 
produce  prints  of  any  desired  sharpness  or 
"fuzziness  " 

Descriptions  of  the  "gum"  process 
usually  lead  the  novice  into  the  error  of 
thinking  it  difficult.  The  fact  is  that  it  is 
by  odds  the  quickest  and  easiest  of  print- 
ing processes,  and  the  most  beautiful  if 
suitable  negatives  are  provided.  Glossy 
papers  give  better  prints  for  commercial 
or  industrial  purposes ;  but  for  the  pic- 
torial enthusiast,  gum  prints  cannot  be 
surpassed.     Plain  office  mucilage  may  be 


PRINCIPLES   UJ-    .IKHS. 

used,  or  dry  |:juin  arable  may  be  ground  

up  to  a  thick  syrup  with  water;  a  suit-  rc.NuU>   ui 

able  pijxnicnt — either  dry  or  in  the  form  is   rcquin 

of  most  water-color — is  added  ;  ami  the  Weston's  '  lii. 


THE  LOVER  OF  HORSE  FLESH. 


In  this  superb  portrait.  Mr.  Gates  employed  the  nielliod  outlinni  in  i 
termed  "artistic  sugkrestiofu"     That  there  is  viilidily  ntrirhiinr  t-i  i' 
putable   in  view  of  the  fact  th.il  no  person  to  v. 
shown  has  faili-d  to  discern  in  it.  sporicmcnusl 

or  assistance,  the  "horsey"  <ju:ilily  <f  ;  ins  i-'.  • 

hunters  and  hackneys.      Mr.  C.c  .it  the 

success  of  the  picture  is  •'  ■••  '  ■  ^n- 

scious  effort  to  impi'  ab- 

ject a  preconcei'-  l     ■    . 

moment  of  exposure. 


I.C 


mixture  is  made  sensitive  with  a  few 
drops  of  a  saturated  solution  of  bichro- 
mate of  potash.  Ordinary  rubber-bound 
bristle  brushes  and  "blenders"  may  be 
used  for  the  production  of  an  cveti  coat- 
ing on  the  paper.  Architects'  detail  paper 


Interior  Views 
.Special  classes  of  work  will  call  for 
close  study  by  the  wt>rker.  and  no  man- 
ual or  article  can  take  the  place  of  brains 
and  discrimination.  In  interior  work, 
short-focus  lenses  usually  will  be  chosen  ; 
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the  camera  will  be  placed  so  as  to  avoid 
rellections  from  picture-glasses  or  the 
direct  light  of  windows.  Rapid  "non- 
halation"  plates  should  be  used,  and  lib- 
eral exposures  be  allowed  to  compensate 
for  the  small  working  apertures  of  wide- 
angle  lenses.  It  is  obvious  that  the  re- 
sult will  depend  largely  on  the  ability 
of  the  photographer  to  arrange  his  ma- 
terials harmoniously.  Taste  and  experi- 
ence used  conjointly  will  solve  the  most 
difficult  problems.  These  points  should 
be  remembered : 

Avoid  the  temptation  to  include  fig- 
ures in  dimly-lighted  interior  views,  since 
nothing  but  faihire  can  result. 

Remember  that  successful  interior 
views  take  from  fifteen  minutes'  to  an 
hour's  exposure,  according  to  the  light- 
ing and  the  color  of  the  decorations.  If 
the  wall  hangings  are  dark,  a  much 
longer  exposure  will  be  required  than  if 
the  decorative  scheme  is  light ;  and  if  the 
room  is  large,  a  smaller  aperture  of  lens 
and  a  longer  exposure  will  be  necessary. 

Portraiture 

Portraiture  is  a  special  field.  It  is  diffi- 
cult to  make  any  rules  for  the  profes- 
sional ;  but  the  pictorial  photographer  can 
do  no  better  than  consider  the  system 
which  has  been  made  so  successful  by 
Mr.  Solon  L.  Gates,  of  Chicago.  His 
theory  is  that  the  proper  representation 
of  character  demands  a  keen  apprecia- 
tion of  the  character  by  the  photog- 
rapher, and  a  conscious  efiFort  on  the 
part  of  the  camera  worker  to  mould  the 
sitter  to  the  preconceived  ideal  during  the 
time  of  the  exposure.  Mr.  Gates  there- 
fore prefers  a  long  exposure,  because  he 


is  enabled  thereby  to  have  the  sitter 
longer  under  the  influence  of  his  sugges- 
tion. All  the  time  that  the  shutter  is 
open,  the  photographer  should  have  the 
characteristic  aspect  of  the  subject  firmly 
fixed  in  his  mind  ;  and,  if  proper  attention 
has  been  given  in  advance  to  the  acces- 
sories, a  most  vital  portrait  will  result. 

Landscapes  and  Salon  Pictures 

In  landscape  photography,  and  in  all 
work  of  the  so-called  salon  class,  the 
prerequisite  is  a  clear  conception  of  the 
idea  to  be  impressed  on  the  mind  of  the 
observer.  It  is  essential  that  all  unim- 
portant elements  be  eliminated,  and  that 
the  characteristic  aspects  of  the  subject 
be  emphasized.  This  involves  close  study, 
both  on  the  ground  glass  and  in  advance 
of  the  attempt  to  photograph  the  subject. 
In  fine,  the  best  photographic  work  is 
done,  and  always  will  be  done,  in  the 
mind  of  the  worker,  long  before  he  goes 
out  wath  his  lenses  and  sensitive  plates. 
Any  photographic  system  ivhich  neglects 
the  advance  study  of  subjects  and  fails  to 
insist  on  the  mental  working-out  of 
themes,  is  defieient  in  an  essential  partic- 
ular. Before  the  building  of  the  engine, 
there  must  be  zvrought  out  a  complete  set 
of  detail  drazvings.  Before  the  successful 
photograph,  there  must  be  a  maturely 
zvrought  out  conception  of  the  -filial  print. 
Intellectuality  is  the  test  of  photography, 
as  it  is  the  final  test  of  all  technology. 
The  successful  man  is  the  man  who  has 
thought  best  and  deepest  into  the  es- 
sentials of  his  business.  Failure  is  im- 
possible to  the  camera  worker  who  ap- 
proaches the  craft  with  zeal  and  fore- 
thought. 


WIRE  ROPE  T! 
\'icw  t;, 


RB. 


Aerial  Cableways 


A  New  Method  of  Transportation  that  Defies  Topographical  Conditions 

and  is  Adaptable  to  Many  Uses 


By  RUTLEDGE  RUTHERFORD 

Special  Correspondent,  Thk  Technical  World 


TO  be  su>pon<ic(l  l)y  a  wire  rope 
with  the  earth  2.000  feet  helnw, 
and  the  sky  and  a  niist-veilcd 
nioiiiitaiii  peak  above,  is  a  tbrill- 
in.c^  kind  of  experience  that  not  many  are 
anxious  to  underpi,  but  one  that  is  often 
necessary  in  minin.c^  operations  about  Ou- 
ray, Colorado.  At  a  .e^old  mine  near  that 
town,  a  wire-rope  tramway  is  in  daily 
operation  to  haul  the  ore  from  the  mines 
over  the  moimtain  peak  to  the  smelter. 
The  cable  reaches  across  a  yawninpf  val- 
ley between  two  mountains,  one  of  which 
towers  majestically  above  the  otlicr.  In 
hauling-  these  loads  of  ore.  it  is  often 
necessary  for  a  man  to  accompany  the  car 
on  its  remarkable  journey;  and  many  <>f 
the  workmen  who  live  near  the  railway 
go  to  and  from  the  mine  in  the  aerial 
tramcars,  twice  a  flay  bein.c:  swung  across 
the  3.000  feet  of  si^ace  over  the  valley 
and  up  the  mountain  side. 

This,  however,  is  not  the  only  wire- 
rope  tramway  in  the  West — they  are 
found  in  several  other  parts  of  the  United 


States,  for  that  matter — but  iiii>  j'artic- 
ular  ojie  would  be  hard  to  excel  as  a 
thrill-producer  to  persons  fond  of  excit- 
ing exj)eriences.      Riding  in   an   airship 

could   scarcely   be   mcjre   cxcitin 'ile 

looping-the-loop  and  other  an:  nts 

of  the  thrilling  kind  would  appear  tame 
in  com|)arison  to  the  person  who  has  once 
"swung-the-vylley"  in  a  tramcar  of  the 
( )uray  wire-rope  railway. 

At  Park  City,  I 'tali,  is  another  of  these 
tramways  of  unusual  interest  because  it 
hauls  its  loads  of  jiassengers  and  freight 
high  in  the  air  above  the  city.  There  is 
another  that  speeds  its  cars  alonf?  over 
mountains  and  v.dleys  in  the  vicinity  of 
Lenore.  Idaho.  Trlhiri«le,  C'  '  '  •  '  of 
one  of  exceptional  length.    '  ed 

for  their  height  alx)ve  ground  and  their 
length  are  in  operation  at  Chinese  Cainp. 

Cal. ;  Silverton,  H.  C. :  and  F ••'•>nicnt. 

W'vo. :  while  in  the   F.ast.  t  ivs  of 

similar  tvpe  are  cmplovt-d  at  Sandy  Hill, 
X.  Y..  ai'id  X'ulcan.  \V.'  \a.  In  fact,  wire- 
rope  cable  lines  are  springing  into  use 
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AERIAL  WIRE-ROPE  TRAMWAY   AT  OURAY,   COL. 
The  cars  are  used  for  carrying  gold  ore  across  the  3.000-foot  span. 


throughout   the   country,  both   east   and 

west. 

The  Hnes  mentioned  have  been  built  for 
freight  traffic,  except  on  special  occasions 
and  w-hen  it  is  necessary  to  haul  the 
workmen  in  the  cars  to  accompany  the 
load  or  to  transport  them  hurriedly  to  or 
from  points  along  the  line.  In  Europe, 
how-ever,  aerial  tramways  have  become 
of  such  importance  that  they  have  been 
successfully  experimented  wath  as  a  new 


and  novel  means  of  hauling  persons  ;  and 
two  or  three  lines  have  been  built  for 
passenger  traffic  exclusively.  Some  pre- 
dict that  they  will  eventually  w^ork  them- 
selves into  the  passenger  field  in  Amer- 
ica, as  their  construction  is  much  cheaper 
than  that  of  railroads,  they  can  be  made 
to  penetrate  regions  railroads  could  never 
reach,  and  the  cars  can  be  made  to  travel 
much  faster  than  railroad  trains. 

Cars  employed  on  the  ware-rope  tram- 


AERIA. 


WAYS 


ways  in  America  look  like  luipje  buckets, 

r  inure  like  big  steel  bathtubs.    In  these, 

iispeiuled  fruin  the  wire  cables  above, 
materials  such  as  ore.  coal,  e^rain.  st^  ".-, 
sand,  timber,  etc..  can  be  economii\. 
traiisi)orteil  over  practicallv  any  ccMidition 
of  country  or  length  of  line,  and  in  any 
quantities  desired. 

The  cables  or  wire  ropes  of  the  auto- 
matic tramways  in  the  newest  types,  as 

howii  in  the  illustrations,  are  supported 
by  towers,  which  are  usually  constructid 
of  woo(l.  although  steel  ci instruction  is 
frequent.    The  number,  height,  and  spac- 

iig  of  the  towers  dejjend  mainly  upon  the 
profile  of  the  ground.  On  level  sitretches 
thev  are  placed  usually  -'50  feet  apart, 
but,  where  comlitions  of  route  demaml  it. 

an  be   from  2,000  to  3.000  feet  apart. 

The  track  rope  rests  on  long  bearing  sad- 
dles placed  on  the  towers,  while  the 
traction     rope    is    supported    by    guide 

^iieaves  placed  directly  below.  The  sad- 
dles are  of  special  construction,  jirevent- 

ing  anv  sharji  bcn<ls  in  the  rope  when 


the  carrier  wIt^- 

tower.    T! 

with  r« 

r'-  l;s.  u  n 

;     uimtuu 

are  provided  with  sclf-hib 

pbor-bronze  I 

The  shape  <  1 
'  1   ihe  tower   sb< 
conunodate  the  sha| 
traction   rope,   so  that 

rests  on  t'        ' •■  ' 

passing  o\ 

fashioned  the   traction 

guided  on  rolIeVN  1 

or  more  betW' ' 


AERIAL  CARS  HAULING   SILVER  ORE   AT  PARK  CITY.   UTAH. 
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rope  was  necessarily  raised  a  distance 
of  at  least  four  feet  when  the  carriers 
passed  over  a  tower.  The  strain  thus  pro- 
duced in  passing-  over  a  sharp  bend  or 
knuckle,  was  enormous,  and  not  infre- 
quently caused  considerable  trouble.  In 
the  new  cable  of  the  automatic  system, 
this  feature  is  entirely  avoided,  and  the 
wear   upon   the  cable  and   rolling  stock 


ried  from  one  end  of  the  line  to  the  other. 
The  type  of  carrier  used  in  America  is 
usually  of  6j/^  cubic  feet  capacity,  or 
more.  The  carrier  is  hung  in  a  pendant, 
which  in  turn  is  attached  to  a  carriage 
consisting  of  a  yoke  and  two  special  cast- 
steel  sheaves  for  traveling  over  the  track 
ropes.  This  arrangement  allows  free 
movement,  thereby  permitting  the  entire 
bucket  and  pendant  to  hang  perpendicu- 
lar, irrespective  of  the  grade.  The  buckets 
are  so  hung  in  the  pendants  that  it  is 
impossible  for  them  to  tip  over  of  them- 
selves, whether  empty,  half-loaded,  or 
carrying  full  capacity ;  and  they  require 
no  locking  to  keep  them  in  their  pro])er 
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greatly  reduced.  A  skip  is  used  on  the 
towers  to  guide  the  traction  rope  in  the 
groove  of  the  sheave  in  case  it  is  mis- 
placed from  any  cause. 

The  clips  to  which  the  carriers  are  at- 
tached are  spaced  according  to  the  de- 
sired tonnage.  These  clips  are  of  '  flat 
construction,  with  button-shaped  ends. 
They  are  attached  to  the  traction  rope 
by  means  of  two  specially  forged  bands, 
which  encircle  the  rope  and  have  the 
"lay"  of  the  rope  forged  in  them.  Ow- 
ing to  the  positive  hold  on  the  rope  and 
its  double  security,  it  is  absolutelv  im- 
possible for  the  carriers  to  slip  on  the 
line,  irrespective  of  the  grade  or  load. 
It  is  possible  to  operate  the  rope  under 
or  over  the  guide  sheaves.  The  car- 
riers cannot  become  detached  from  the 
rope  until  it  is  desired  to  effect  this,  and 
the  carrier  is  always  sure  of  being  car- 


position.  The  sheaves  have  brass  bush- 
ings, and  are  fitted  with  malleable  oil- 
cups  for  oiling  the  journals.  To  the  bot- 
tom of  the  bucket  is  attached  a  pin,  used 
in  connection  with  the  automatic  dis- 
charging devices  at  the  unloading  ter- 
minal. In  the  pendant  is  placed  the 
clip-frame,  in  which  the  traction  rope  clip 
is  engaged.  This  frame  consists  of  a 
snow-proof  housing  and  two  trips  oper- 
ated by  a  sliding  frame,  all  being  made 
of  the  best  malleable  iron  and  cast  steel. 
When  a  carrier  is  in  transit,  the  clip 
is  engaged  between  two  trips ;  but  when 
the  bucket  reaches  a  terminal,  one  trip 
is  dropped  back,  allowing  the  clip  to  pass 
out  of  the  housing,  and  thus  detaching 
the  bucket  from  the  tramwav.  The  trip 
is  moved  back  by  a  sliding  frame,  which 
is  raised  by  a  curved  bar  at  each  terminal. 
In  a  similar  fashion,  a  bucket  is  also  at- 
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tached  to  the  clip,  after  which  the  two 
clips  are  locked  to  prevent  thcni  from 
opfiiin^^  This  entire  operation  is  auto- 
matic, re(|nirinj:j  no  attendance  whatso- 
ever. The  clip  is  not  heUl  rij^idly  on  the 
clip- frame,  hnt  has  sutlicient  play  uniKr 
all  circumstances,  l-'or  carrying  ^rain  in 
>acks.  lumher.  hales,  merchandise,  logs, 
water,  and  other  like  materials,  special 
carriers  are  i)rovided.  Intern'.e<liate  loatl- 
inti;  or  miloatlinj^  stations  may  In-  lo.-.iti-d 
at  any  point  alontj  the  line. 

When  the  loaded  huckets  travel  down 
grade,  and  the  difference  in  elevation  is 
>iufficient.  the  tramway  may  he  made  to 
iperate  hy  the  force  of  gravity.  If  this 
is  not  the  case,  power  can  he  ai)i)lied  hy 
means  of  hevel  gearini^  attached  to  the 
terminal  shaft  and  operated  hy  a  steam 
engine,  motor,  water  wheel,  or  other 
source  of  power.  The  standing  track 
ropes,  upon  entering  the  ujiiier  terminal, 
are  anchored  to  special  fastenings.  .\n 
overhead  rail  contiects  hoth  standing 
ropes,  allowing  the  huckets  to  travel  over 
this  rail  from  one  track  cahle  to  the  other. 
I'.v  means  of  a  i)atented  lever  device,  the 
>peed  of  all  incoming  carriers,  after  he- 


ing  detached  from  t 

ually   reta    '    •  ■  , 

of  rest  at  '. .. 

ner  and  hy  n: 

speed  of  all  l)U<  i 

to  the  travel  of  tin 

the  carrier  is  attac: 

All    these   operations   are   entirelv    ;. 
matic. 

The   lower   leru.mal   I^  Ui   lite 

Upper  terminal.  The  stiin!....,  .iM<  s  :ir«» 
generally   attachetl   to   weight    1-  r 

tensif)n  devices,  while  tlie  sheavr  1 

which  the  traction  i  1 

on    a    movahle    triu 

attachments   for  maintaining  the  xu 
sary  tension.    The  automatic  handling  of 
huckets  at  this  terminal  is  the  same  as 
that  at  the  upper  terminal. 

In  the  (Operation  of  this  system  there 
are  always  one  carrier  at  the  upper  ter- 
minal loaded  or  ready  t<^  he  '      '    '    and 

one  at  the  lower    terminal    ■. ,     1    or 

ready  to  he  dumped.  Hy  having  these 
two  carriers,  in  addition  to  those  in  tran- 
sit, the  capacity  is  not  decreased  through 
having  to  stoj)  the  machine  f^r  !(..'i.Iiii!'- 
or  unloading. 


Tr-oastl 

DllLD  a  little  fcncf  cf  irii>i 

'-^     Around  to-day ; 

Fill  the  space  with  loving  work, 

.•\nd  therein  stay; 
Look  not  through  the  sheltering  bars 

Upon  to-morrow ; 
God  will  help  thee  bear  what  comes, 

Of  joy  or  sorrow. 

— Mary  I"k.\.>' 


NORTH  END  OF  DOUBLE  PASSENGER  TUNNEL.  SHOWING  CONCRETE  RETAINING  WALLS. 

All  to  be  covered  deeply  with  dirt. 


The  Washington  Union  Station 

Fifteen  Million  Dollars  being  Spent  in  its  Construction  and  Approaches 


By  M.  G.  ELLIOTT 


WASHINGTON    is    justly 
termed  a  beautiful  city.    It  is 
a  place  of  residences  and  fine 
public     buildings,     with     no 
factories  or  large  commercial  houses  to 
create   grime   and   business   rush.     Yet, 
with  but   few   exceptions,  there  are   no 
magnificent   buildings    outside    of    those 
erected  by   the  Government.     The  new 
Union  Station,  however,  will  constitute 
one  private  enterprise  of  which  any  city 
mav  be  proud.     On  this  work,  millions 
are  being  spent  where  hundreds  of  thou- 
sands would  be  deemed  sufficient  in  other 
•cities  of  Washington's  size.     Consider- 
able preliminary  work  has  already  been 
done ;  but  the  present  condition  of  up- 
heaval and  apparent  confusion  at  the  sta- 
tion's site  and  its  approaches  is  so  great 
that   the    stranger    is    utterly    unable   to 
make  head  or  tail  of  the  general  scheme 
of  improvement. 

The  first  work  has  been  the  moving  of 
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great  masses  of  dirt.     The  new  station 
will  rest  upon  made  ground  where  the 
roofs  of  full  two-story  dwellings  recent- 
ly stood.     There  is  now  present  to  the 
eye,   near   the   Capitol,   an   immense   fill 
of  yellow  dirt.      But  this  fill,  which  has 
been  hauled   from   the   site   of  the   new 
office  building  of  the  House  of  Repre- 
sentatives,  by   the   little    dinky   engines, 
puffing  and  blowing  in  front  of  the  Cap- 
itol building,  represents  only  in  a  small 
degree  the  huge  task  of  raising  the  vicin- 
ity of  the  new  Union  Station  to  the  ele- 
vation   contemplated    by    the    engineers. 
Some  idea  of  the  size  of  the  task  may  be 
had  from  the  accompanying  illustrations, 
one  of  which  shows  a  sewer  column  ris- 
ing in  the  middle  of  one  of  the  streets 
near  the  Capitol,  and  another  a  column 
situated  on  the  edge  of  what  will  be  the 
new  plaza.     These  rise  to  a  height  of 
some  25  and  35  feet  respectively.  Strang- 
ers and  even  residents  of  the  city  have 
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been  puzzled  to  account  tor  these  tall, 
tower-like  cohuuns  rising  in  the  center  of 
a  thoroiij^^hfare.  The  colunins  are  cap- 
ped with  ordinary  iron  manholes,  the  toj^ 
surface  of  which  represents  the  new  level 
of  the  streets  which  will  radiate  in  all 
directions  from  the  tjrand  plaza  in  front 
of  the  station. 

A  Giant   Earth-Fill 

The  elevation  of  the  floor  of  the  sta- 
tion is  to  he  5X  feet  above  mean  tide 
water,  while  tiie  elevation  of  the  lowest 
ground  to  be  tilled  in  is  only  20  feet 
above  tide ;  this  gives  some  idea  of  the 
amount  of  fill  necessary  to  meet  the  new 
level.  Nearly  i. 000.000  cubic  yarrls  of 
earth  will  be  required  to  form  the  new 
plaza,  the  fill  of  a  considerable  area  being 
35  feet.  The  estimated  expense  of  the 
undertaking — which  falls  jointly  tipon 
the  l'nite(l  States  Cioverninent  and  the 
District  of  Columbia — is  ^1.600.000. 

This  filling  i.^  in  reality  nothing  more 
than  a  continuation  of  the  hill  upon  which 
the  Capitol  stands,  the  ground  elevation 
being  at  that  point  Sj.2  feet,  while  in 
the  vicinity  of  the  station  this  now  slopes 
away  to 30  feet. and  forms  an  abrui)t  slope 
at  that.  The  locality  is  a  natural  hollow, 
once  the  home  of  the  marsh  folk.  The 
old  Tiber  creek  ran  through  this  section  ; 
and.  as  it  had  little  or  no  current,  the  in- 
habitants of  the  neighborhood  were  sub- 
ject to  all  the  ills  of  malaria,  typhoid, 


1 

/ 

SrwER  Makhole  25  Feet  above  Present  Strebt  Level. 


Sewer  Manhoi.f.  X>  Feet  above  Phesest  Street  Level. 

Showing  the  necessary  "lill"  tu  ic.nli  the  livtl 

of  the  plaza. 

and  like  diseases.  During  the  mayoralty 
of  "r.oss"  Shepherd  and  others  of  the 
enterprising  builders  of  Washington  of 
years  gone  by.  the  course  of  the  creek 
was  obliterated  ;  yet  this  section  is  still 
and  will  i)robal>ly  for  some  years  to  come 
be  known  among  the  small  boys  of  Wash- 
ington as  "Swanip-poorlle." 

The  amount  of  earth  removal  required 
by  this  gigantic  railroad  improvement 
from  l)egiiuiing  to  end.  is  almost  beyond 
conception.  ( )ut  in  south  I'.rookland.  a 
suburb,  in  order  to  bring  the  roadbed  to 
the  j)roper  grade,  an  immense  hill  has 
been  transported  nearly  a  mile  to  fill  in 
a  sunken  section  ;  and  in  grading  for  the 
railroad  yard  in  lu'kington,  a  suburb 
now  within  city  limits,  the  earth  removal, 
nearly  i.ooo.ooo  cubic  yards,  will  be 
utilized  in  filling  for  the  foundation  of 
the  terminal. 

T'wo  Spacious  Tunnels 

To  the  south  of  the  station,  two  large 
tuiuiels  are  now  in  course  of  construc- 
tion. One.  a  double-track  aflfair,  which  is 
being  built  by  the  "cut-and-cover" 
method,  will  be  used  solely  for  freight 
traffic. 

When  the  original  bill  for  the  con- 
struction of  the  new  station,  terminal, 
and  tunnel  was  being  framed,  the  idea 
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of  the  railroads,  supported  by  a  number 
of  Senators  and  Members,  was  to  con- 
struct a  tunnel  directly  under  the  enor- 
mous stone  mass  of  the  Capitol  itself, 
with  an  underground  sub-station  into 
which  the  Senate  and  House  elevators 
could  conveniently  run.  Thus  statesmen, 
hurrying  to  the  repairing  of  political 
fences,  "^could  pass  from  the  legislative 
chambers,  seize  their  suit  cases,  enter  the 
rajMtol  elevators,  step  from  them  into  a 
Pullman,  and  be  whisked  to  the  four 
corners  of  the  country,  without  once  ex- 
posing themselves  to  the  dangers  of  the 


other  campaigns  of  the  great  war.  This 
passenger  tunnel,  from  the  southern  ap- 
proach to  Capitol  Hill  up  to  the  House 
of  Representatives  ofifice  building  site, 
has  been  constructed  by  the  cut-and- 
cover  method ;  from  this  point  until 
within  a  distance  of  525  feet  of  the  new 
station,  the  tunneling  will  be  by  the  bor- 
ing method.  The  contractors  desired  to 
build  this  section  also  by  the  cut-and- 
cover  method ;  but  the  authorities  at  the 
Capitol  objected,  as  the  work  would  dis- 
figure the  Capitol  grounds,  tearing  up 
walks,  walls,  and  even  some  of  the  his- 
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open  air.  It  was  explained  that  as  an 
engineering  feat  this  was  entirely  prac- 
ticable ;  but  it  was  also  remarked  that 
the  plan  would  practically  turn  the 
I'nited  States  legislative  halls  into  a  rail- 
road station  ;  and  the  project  was  very 
wisely  abandoned. 

The  second  of  the  tunnels  above  men- 
tioned, itself  a  double  tunnel,  however, 
passes  beneath  Capitol  Hill  between  the 
Capitol  building  and  the  new  Congres- 
sional Library,  and  will  be  used  for  pas- 
.senger  traffic  alone,  all  trains  from  the 
south  finding  entrance  by  way  of  a  new 
steel  bridge  over  the  Potomac  which  has 
recently  superseded  the  old  Long  Bridge. 
a  famous  landmark  of  the  ]\IcClellan  and 


coric  trees  of  the  city.  This  tunnel  will 
be  about  4.000  feet  long,  and  will  have 
a  height  of  17  feet  from  rail  to  sofiit  of 
arch.  Where  it  passes  under  Capitol 
Hill  between  the  Capitol  and  the  Library, 
the  base  of  the  rail  will  be  sixty  feet 
beneath  the  street  surface.  The  spoil 
from  this  tunnel  is  hauled  away  by  means 
of  a  narrow-gauge  road,  the  cars  being 
drawn  by  electric  mine  locomotives  a 
short  distance  and  then  dumped  into  cars 
of  ordinary  size.  A  mile  away,  this  earth 
is  used  in  filling  the  approach  to  the  new 
Potomac  bridge. 

While  legislators  may  not  pass  from 
the  halls  of  Congress  directly  into  Pull- 
mans, nevertheless,  when  this  tunnel  is 
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EXCAVATION  FOR  SUBTERRANEAN  STATION. 
At  site  of  proposed  House  of  Representatives  otlice  building. 


completed,  a  branch  line  will  be  run  into 
the  basement  of  the  new  Congres.sional 
office  buildinj^.  which  will  enable  them  to 
connect  very  closely  between  their  offices 
and  trains.  Access  between  this  office 
building  and  the  Capitol  will  be  afforded 
by  a  second  tunnel,  which  will  in  fact  be 
merely  a  long  underground  corridor  with 
handsome  illuminations.  frescoings, 
paintings,  and  decorations. 

The  new  I'nion  Station  itself  will 
front  on  a  grand  i)laza  500  feet  wide  by 
about  1. 000  feet  long,  decorated  with 
artistic  balustrades,   terraces,  and    foun- 


tains. Xine  streets  will  lead  into  the 
plaza,  which  itself  will  i)rovide  a  s|)ace 
for  massing  troops  and  sj)ectat'"-  ''•■'' 
public  ceremonies. 

All  in  all.  about  $15,000,000  is  being 
expended  in  this  work  in  the  District  of 
Columbia,  binishecl,  the  roads  will  be 
in  such  a  condition  that  Washington  will 
no  longer  suffer  from  the  congestion  of 
traffic  so  often  mniced  when  b 
of  thousands  of  .strangers  visit  : 
tional  Capital  to  witness  the  inaugural 
ceremonies  and  other  gatherings  for 
which  the  citv  is  famed. 
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€L  Keep  busy. 

C  Don't  half-do  things. 

C  Delays    are    dangerous. 

C   The  key  to  success  is  not  the  night-key. 

C  Some  men  are  too  slow  to  get  out  of  their 
own  way. 

C  Not  he  who  has  little,  but  he  who  wants 
more,  is  poor. 

C  You  can  lead  a  boy  to  college,  but  you  can- 
not make  him  think. 

<I,  A  man  may  have  more  money  than  brains 
without  having  an  overplus  of  either. 

C  Most  of  us  have  trusted  to  luck  so  often 
that  there  ought  to  be  a  good  deal  owing  to  us. 

C  The  men  who  have  lifted  the  world  have 
never  been  too  great  to  touch  it  with  their 
hands. 


C  Opportunity  is  a  visitor  who  should  be 
made  welcome  without  regard  to  circumstances. 

C  Many  a  man  chivalrously  shouts  of  woman 
"God  bless  her!"  but  fails  to  bless  her  him- 
self. 

C  Occasionally  a  man  earns  a  living  without 
getting  it,  but  more  often  he  manages  to  get 
a  living  without  earning  it. 


VyiTHIN  the  last  few  years  the 
'^  amount  of  tunnel  building  in  the 
vicinity  of  New  York  City  has  reached 
very  large  proportions  ;  and  whereas  the 
lower  part  of  Manhattan  Island  was  ac- 
cessible, from  the  Long  Island  and  New 
Jersey  shores,  only  by  means  of  ferries, 
with  the  exception  of  the  Brooklyn 
Bridge,  now  tunnels  are  completed  or  in 
course  of  construction  which  will  afford 
numerous  connections  with  the  localities 
mentioned.  The  importance  of  this  work 
can  hardly  be  overestimated  when  we 
consider  the  thousands  of  people  who 
travel  daily  to  and  from  the  business  sec- 
tion of  Manhattan  ;  and  elsewdiere  in  this 
issue  will  be  found  an  interesting  account 
of  how  this  work  of  tunneling  is  being 
prosecuted. 

From  an  engineering  standpoint,  the 
features  of  greatest  interest  in  this  work, 
are  the  new  methods  which  have  been 
devised  for  the  borings,  and  the  speed 
with  which  the  work  is  being  carried  out. 
It  was  not  until  1889  that  the  modern 
shield  method  was  employed,  and  the 
Hudson  River  tunnel  from  Jersey  City 
was  the  first  large  tunnel  in  which  the 
use  of  compressed  air  was  employed. 
This  made  feasible  work  which  was 
otherwise  entirely  impossible,  and  notably 
decreased  the  danger  to  the  life  of  the 
workmen  in  the  tunnel.  In  some  of  the 
older  tunnels,  twelve  to  fifteen  years,  or 
more,  were  spent  on  the  work,  which  was 
almost  always  accompanied  with  numer- 
ous fatalities  to  the  workmen.  In  the 
New  York  and  other  modern  tunnels,  the 
duration  of  the  work  has  been  measured 
by  months  instead  of  years  ;  and  up  to  the 
present  time  it  has  been  carried  on  with 
remarkable    immunitv    from    accidents. 
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Electricity  im 
A.^iric^lttxre 

THE  use  of  electricity  in  agriculture 
has  been  a  favorite  tlienie  fur  specula- 
tion ever  since  the  distribution  of  current 
for  lij^htinj^  antl  power  became  conunon. 
A  few  desultory  experiments  have  been 
reported  from  time  to  time,  some  of 
which,  it  was  claimed,  had  accomplished 
marvelous  results  in  acceleratinsj:  the 
growth  and  increasing:  the  size  of  plants 
electrically  treated  ,  but  very  little  really 
reliable  information  in  re.ii^ard  to  this  sub- 
ject has  heretofore  been  available.  It  will 
therefore  be  of  interest  to  learn  of  the 
tests  in  electroculture  now  beinir  under- 
taken by  a  branch  of  the  United  States 
Department  of  Ai^riculture.  which  arc 
described  elsewhere  in  this  issue. 

The  earliest  experiments  in  this  direc- 
tion consisted  in  t::rowin.L!:  plants  under 
an  electric  liij:ht  with  the  idea  of  forcin.cf 
the  growth  by  keeping  them  in  the  light 
constantly.  There  is  probably  little  or 
no  advantage  to  the  plants  in  this  treat- 
ment;  and  even  if  a  decided  advantage 
could  be  shown,  the  improvement  would 
be  entirelv  incommensurate  with  the  cost 
of  applying  the  electric  light. 

The  experiment  of  passing  a  current 
through  the  soil  in  which  plants  are 
growing  has  often  been  tried,  although 
generally  in  a  rather  unsystematic  man- 
ner; and.  while  good  results  have  un- 
questionalily  been  obtained  in  forcing 
plants  in  this  way,  no  systematic  records 
of  these -results  are  available.  For  this 
reason,  the  tests  of  the  Department  of 
Agriculture  will  be  the  first  autlioritativc 
information  on  this  subject. 

Whatever  may  be  the  results  of  electri- 
cal treatment,  it  would  appear  that  the 
cost  of  such  an  advanced  method  of 
fanning  must  limit  it  to  the  laboratory, 
especially  if  central  station  current  must 
be  bought  for  the  purpose.  The  early 
maturity  and  increased  yield  of  a  general 
crop  must  be  extremely  marked  to  pay 
for  the  application  of  current  at  a  cost 
of  five  cents,  more  or  less,  per  kilowatt- 
hour,  if  the  application  of  electricity  is 
to  be  continued  for  any  great  length  of 
time.  If.  however,  the  current  could  be 
generated  by  wind  or  water  power,  with- 
out too  great  an  initial  investment,  elec- 


troculture might  become  practicable  on  a 
large  scale  in  such  case  \er,  an 

economical  current  supi»i\  un  a  lar^o 
farm  could  be  used  in  many  ways — lor 
the  operation  of  farm  machinery,  dairy 
machinerv,  lighting  of  buildings,  etc. 

VacunMaffla-Twbe    Electric 
Ivigl^tix^^ 

/^  X  another  page  is  given  a  descrip- 
^^  tion  of  the  .Moore  s\>ti-m  of  vacuum- 
tube  lighting,  which  in  several  particulars 
varies  very  materially  from  all  other  sy.s- 
tems  of  electric  lighting  that  have 
reached  the  stage  of  commercial  applica- 
tion. This  sy.stem  consists,  in  brief,  of 
a  long  tube  of  light,  in  color  and  dif- 
fusion closely  resembling  daylight :  and 
this  tube  can  be  shaped  so  as  to  follow 
the  architectural  lines  of  a  room  or  buiM- 
intr.  The  life  of  this  light  is  as  vet  un- 
certain,  but  it  has  been  maintained  for 
over  two  thousand  hours  withcnit  ap|>ar- 
ent  deterioration,  and  at  the  end  of  this 
time  its  initial  efticiency  was  unchanged. 
Its  efficiency,  in  its  present  state  of  de- 
velopment, is  about  2.6  watts  per  candle- 
power.  The  simjdicity  of  this  system, 
its  high  efficiency,  and  its  long  life  i)oint 
to  its  commercial  success,  although,  like 
all  new  inventions,  only  the  test  of  time 
can  determine  its  ultimate  value. 

The  itleal  light  is  a  light  without  heat 
— that  is,  one  in  which  the  energy  con- 
sumed is  all  utilized  as  light.  an«l  i- 
of  it  as  heat.  The  incandescent  la...j-. 
which  is  in  general  use  for  interior  il- 
lumination, converts  but  a  very  small  per'- 
centage  of  the  electrical  energy  absorbed 
into  light,  the  rest  being  '■  ••rited  as 
heat.    The  arc  lamp  is  con-  iy  more 

efticient.  but   is  not  well  adapted  to  in- 
tcrifjr  illumination  except   in  very  l.f 
rooms.     The  efficiency  of  the  incan 
cent  lamp  varies   from  3.1   to  3.5  w 
per  candle-power  when  the  lamp  is  new ; 
but  this  drops  to  5  or  6  watts  per  cat    ' 
power  after  a  lamp  has  burned  for  s 
length  of  time.    In  other  words,  one  « 
trical  horse-power  is  required  for  al>out 
fifteen  new  i6-candle-power  lam[)S,  or  a 
total    of    240    candle-power:    but    after 
burning   from   500  to  600  hours,  these 
lamps  will  lose  about  20  per  cent  in  can- 
dle-power and  should  then  be  renewed. 
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If  continued  in  use  until  they  burn  out, 
they  may  last  for  perhaps  1,500  hours; 
but  during  the  latter  half  of  their  life,  the 
candle-power  will  have  fallen  off  from 
30  to  40  per  cent.  Of  course,  an  incan- 
descent lamp  may  be  burned  at  a  much 
hij^her  initial  efficiency — say  21^  watts 
per  candle-power ;  but  in  this  case  its  life 
will  be  reduced  to  150  hours  or  less. 

The  matters  of  efficiency  and  life  de- 
cide the  cost  of  any  system  of  lighting; 
and  it  is  in  these  respects  that  a  vacuum- 
tube  system  has  a  great  advantage  over 
the  incandescent-lamp  system.  The  rea- 
son for  this  is  that  the  gas  in  the  former 
system  can  be  raised  to  a  much  higher 
temperature  without  destructive  effects, 
than  the  carbon  of  the  latter  system  ;  and 
in  the  tube  system  a  greater  proportion 
of  the  energ}'  is  utilized  as  light,  and 
less  is  wasted  as  heat. 

The  term  "vacuum  tube"  is  really  a 
misnomer,  for  the  tubes  contain  a  more 
or  less  attenuated  gas ;  and  it  w^ould 
seem  that  there  might  be  considerable 
difficulty  in  maintaining  an  extensive 
system  of  tubes  without  leakage.  This, 
however,  is  a  mechanical  detail,  which 
apparently  has  been  successfully  over- 
come. The  so-called  vacuum-tube  sys- 
tem offers  a  very  promising  field  for  the 
attainment  of  great  improvement  and 
economy  in  artificial  illumination. 


JS^saEii©^ 


imMniaeeifiinie, 


TN  this  issue  will  be  found  a  timely  and 
*  interesting  article,  by  Mr.  Henry  F. 
Ballantvne,  on  "Cost  in  Engineering 
Work,"  which  touches  on  an  aspect  of 
engineering  that  is  prone  to  be  ne- 
glected or  to  be  too  lightly  thought  of, 
especially  by  the  young  engineer.  The 
question  of  cost  is,  perhaps,  not  a  vital 
one  to  the  engineer  engaged  in  purely 
scientific  Avork,  such  as  laboratory  ex- 
periments in  investigation  of  new 
theories,  discoveries,  etc. ;  but  by  far  the 
greater  portion  of  engineering  work  of 
to-day  is  connected  with  commercial  en- 
terprises, and  in  these  the  cost  is  almost 
always  the  governing  factor. 

In  the  design  of  a  plant  for  the  manu- 
facture of  any  line  of  goods,  a  complete 
estimate  of  the  first  cost  of  the  plant, 
as  well  as  a  very  careful  analysis  of  the 


cost  of  its  operation,  must  be  the  first 
work  of  the  consulting  engineer.  The 
amount  and  selling  price  of  the  goods 
produced  can  be  estimated  very  closely, 
so  that  the  income  of  the  plant  is  known 
approximately.  There  are,  then,  two 
main  factors  of  cost  to  be  determined — 
the  cost  of  installation  and  the  cost  of 
operation ;  and  both  of  these  must  be 
in  proper  relation  to  the  value  of  the  out- 
put, '^here  is  in  most  lines  of  manu- 
facture a  pretty  definite  proportion  be- 
tween selling  price  and  factory  cost,  and 
the  plant  must  be  designed  so  that  the 
latter  shall  come  within  an  amount  upon 
which  a  reasonable  profit  can  be  made. 

The  total  cost  of  the  plant  constitutes 
the  initial  investment ;  and,  as  plants  are 
frequently  built  with  borrowed  money, 
the  interest  on  the  investment  is  a  fixed 
charge  which  must  be  met.  The  operat- 
ing expenses  are  sometimes  difficult  to 
fix,  but  they  can  be  determined  pretty 
accurately  from  the  design  of  the  plant. 
These  include  the  cost  of  coal,  water, 
labor,  raw  material,  maintenance,  de- 
preciation, rent,  taxes,  etc.,  which 
amounts,  together  with  the  fixed  charges, 
determine  the  factory  cost.  Too  much 
care  cannot  be  given  to  this  estimate, 
for  the  neglect  of  any  one  item  may 
mean  failure  of  the  plant  commercially. 

There  are  many  plants  which  start  up 
with  apparently  excellent  prospects  for 
profits,  and  which  seem  for  a  while  to  be 
running  profitably  ;  but  after  a  few  years 
the  machinery  begins  to  wear  out,  break- 
downs occur,  and  the  output  is  reduced" 
in  quantity  or  quality  because  the  items 
of  renewals  and  depreciation  have  been 
neglected  or  underestimated.  The  own- 
ers of  the  plant  are  then  faced  with  the 
necessity  of  investing  new'  capital  to  put 
the  plant  in  order  again,  and  this  means 
an  increase  in  fixed  charges  and  a  corre- 
sponding reduction  in  profits. 

For  these  reasons,  the  successful 
engineer  must  be  a  good  financial 
as  well  as  technical  man.  The 
main  object  of  engineering  enter- 
prise in  connection  with  industrial 
work  is  economy — to  reduce  the  cost  of 
production.  And  the  engineer  whose 
work  results  in  commercial  failure  to  his 
clients  is  as  much  a  failure  as  one  whose 
work  is  technically  unsound. 


Wireless  Telegraph  Outfit 

Brief  DcM-ription  of  a  Simple  Apparatus  for  t-xpcrimenta!  l^urpo 


ses 


By  Dr.  ALFRED  CRADENWITZ 
lierlin  Corresponcietii.  Thk  Tecmnicai.  Wo«i,3 


A\'ERV  suitable  outfu.  compris- 
ing^ both  scndiufj  ami  receiving 
apparatus,  for  generatincf  elec- 
tric waves,  (leinonstratiiig  the 
distance  effects  of  the  latter,  and  such  in- 
teresting electrical  resonance  phenomena 
as  are  being  made  use  of  in  wireless 
telegraphy  for  tuning  the  sender  and  re- 
ceiver, both  in  themselves  and  with  re- 
gard to  one  another,  has  been  designed 
by  I  lerr  E.  Ruhmer.  of  Berlin.  Germany. 
The  sender,  which  is  represented  in 
Fig.  I,  comprises:  (i)  A  high-tension 
condenser  enclosed  in  a  polished  ma- 
hogany wood  box;  (2)  an  adjustable 
spark  gap,  consisting  of  two  zinc  rods, 
which  are  fitted  in  a  micanite  c\  linder  to 
eliminate  any  luiuinous  and  acoustical  ef- 
fects of  the  spark  discharges;  (3)  a  self- 
induction  coil  susceptible  of  regulation, 
wound  on  a  slotted  hard  rubber  cylinder 
and  free  to  rotate  on  the  foundation  box ; 

(4)  any  desired  number  of  resonance 
coils,  wound  on  hard  rubber  tubes ;  and 

(5)  an  antenna  formed  by  two  brass 
tubes,  slipped  one  over  the  other,  termi- 
nating in  a  sphere. 

The  connections  of  the  various  parts 
are  shown  schematically  in  Fig.  2,  after 
180"  rotation.  If  the  two  terminals 
placed  in  j^arallel  to  the  spark  gap  be  con- 
nected to  a  high-tension  transformer  in 
order  to  charge  the  condenser,  an  oscil- 
latory discharge  in  the  primary  closed 
vibration  circuit  will  be  produced  in  the 

time  T  =  2m\/C'  x  L.  in  which  C  is  the 
capacity,  and  L  the  adjustable  self-induc- 
tion of  the  primary.  As  inferred  from 
this  fornnila,  the  period  may  be  varied 
by  altering  cither  the  capacity  or  the  self- 
induction,  the  latter  method  being  re- 
sorted to  in  the  present  case.  To  this 
effect,  the  self-induction  coil  is  made 
from  bare  copper  wire,  wound  in  the 
slots  of  the  hard  rubber  cylinder,  which 
is  made  to  rotate  by  means  of  a  spring 


pulley  and  crank.  Hy  the  aid  of  a  sliding 
contact  running  in  parallel  to  the  hard 
rubber  cylinder,  any  desired  number  of 
windings  may  be  inscrte«l  (turning  the 
crank  visible  in  F^ig.  i  to  the  right  of  the 
f»mn<lati>.n  box  ).  .\ow.  if  any  one  of  the 
resonance  coils  witli  antenna  be  inserted 
in  the  apparatus,  while  one  of  the  tcrmi- 
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nals  of  tlie  spark  gap  is  being 
cartliecl,  it  will  be  easy  by  turn- 
ing tlie  crank  round  to  find  the 
position  of  the  self-induction  coil 
with  which  the  primary  closed 
A'ibration.  circuit  is  tuned  to  the 
secondary  open  vibration  circuit, 
comprising  a  self-induction  (res- 
onance coil)  and  capacity  (anten- 
na). In  virtue  of  the  stationary 
waves  then  formed  in  the  res- 
onance coil,  strong  radiations  of 
high-tension  electricity  corre- 
sponding to  a  node  of  the  coil 
(which  vibrates  in  one-quarter 
wave-length)  will  be  obtained 
from  the  upper  end  of  the  res- 
onance coil.  The  product  of  self- 
induction  and  capacity  will  be  the 
same  in  the  two  coupled  circuits. 
As  soon  as  the  primary  self-in- 
duction is  altered  bv  an  addition 


Fig.  2.     Connections  of  Sending  Apparatus. 

or  elimination  of  exciter  windings,  all 
radiations  will  be  discontinued. 

It  is  also  possible  to  tune  the  secondary 
vibration  circuit  to  the  primary  by  alter- 
ing the  capacity,  and  accordingly  the 
proper  vibration  of  the  secondary  cir- 
cuit, shifting  for  this  purpose  the  two 
slidmg  tubes  that  constitute  the  antenna. 

For  demonstrating  the  distance  effects 
of  the  electric  waves  given  off  by  this 
sending  apparatus,  a  receiving  device  is 
used,  wdiich  consists  mainly  of  one  or  of 
two  resonance  coils,  the  lower  ends  of 


which  are  metallically  connected  to  the 
earth.  The  receiving  system  is  tuned 
either  by  shifting  the  antenna  tubes,  or 
by  means  of  a  hard  rubber  ring  contain- 
ing a  sliding  contact  and  sliding  over 
part  of  the  resonance  coil,  which  is 
wound  with  bare  wire. 

After  tuning  the  sending  apparatus  in 
itself,  the  mutual  tuning  of  the  sender 
and  receiver  to  the  same  wave-length  is 
obtained  by  shifting  the  sliding  contact 
over  the  bare  wire  coil,  or  by  altering  the 


i 


Fig.  3.  Fig.  4. 

Two  Forms  of  Electric  Lamp  Used  as  Wave 
Detectors. 
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length  of  antenna,  when  distinctly  per- 
ceptible radiations  will  be  obtained  from 
the  upper  cntl  of  the  coil  or  antenna  of 
the  recoivin*^  apparatus. 

I'or  detectinj:^  the  waves,  two  electric 
lamps  arc  used.  One  of  these  is  a  Geiss- 
ler  tube,  responding^  to  tensions  and 
beinj::^  arranqod  like  a  colK-rcr  in  a  ten- 
sion node — that  is,  on  the  antenna  (Fig. 


3).  There  is  moreover  used  a  small  elec- 
tric glow  lamp  inserted  in  a  node  of  cur- 
rent intensity,  as  wa\'  ■  tor  respond- 
ing to  current  inteuN.wv  ,  iii  a  maimer 
analogous  to  an  electrolvtic  cell  (see 
Fig.  4). 

The  above  apparatus  is  c>:  suit- 

able for  ileniotistrating  the  i-..wv,|.les  of 
wireless  telegraphy. 
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Measurement  of  Currents 

Various  Methods  of  Determiniini  the  Flow  of  Streams 


By  PAUL  AR.a 


TTTRKE  methods  arc  employed  in 
measuring  the  How  of  water. 
These  arc  known  as  the  Weir 
Dam  method,  the  Miner's  Inch 
method,  and  the  method  of  measurement 
by  Cross-Section  and  \'clocity.  The 
\Veir  Dam  method  is  the  most  accurate 
and  reliable,  and  should  always  be  em- 
I)loyed  for  close  calculations.  The 
.Miner's  Inch  method  is  of  California 
origin,  and  is  not  used  anywhere  except 
on  the  Pacific  coast.  It  is  a  method 
adopted  by  the  various  irrigation  ditch 
companies  in  disposing  of  water  to  their 
consumers.  It  is  sometimes  desired  to 
determine  the  quantity  of  water  only  ap- 
proximately— in  which  case  the  method 
known  as  measurement  by  Cross-Section 
and  \'elocity  is  used. 

Cross-Section  and  Velocity  Method 

To  measure  water  by  the  latter  method, 
select  a  stretch  on  the  stream  or  the  ditch 
which  will  afford  as  straight  and  uniform 


a  course  as  possible.  If  the  water  is  at 
any  jjoint  carried  in  a  llume.  it  is  better 
to  measure  at  this  point.  Lay  off  a  di.s- 
tance  of,  say,  300  feet ;  measure  the 
width  of  flowing  water  at  alx^ut  six  dif- 
ferent places  in  this  distance,  and  .ilifnin 
the  average  width  ;  likewise  at  tl  ic 

points  measure  the  depth  of  water  at 
three  or  four  places  across  the  stream, 
and  obtain  the  average  depth.  Xcxt,  drop 
a  float  in  the  water,  noting  the  numl)cr  of 
seconds  it  takes  to  travel  the  given  dis- 
tance. From  this,  can  h'  '  •'  •  '  'he 
velocity  of  the  water  in  1        ,  I. 

The  quantity  of  the  flow  can  then  1 
tennined    by    multijjlying    the    a: 

icidtli  (in  feet)  by  the  or '-"^         u 

feet)  by  the  velocity  (in  !■      ,  ). 

This  will  give  roughly  the  flow  of  the 
stream  in  cubic  feet  per  n 

the  figures  so  obtained,  it    -  'o 

deduct  about  20  per  cent,  a--  e 

velocity  of  the  water  is  in  excess  of  the 
actual  average  velocity. 
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MEASURING  FLOW  BY  METHOD  OF  CROSS-SECTION  AND  VELOCITY. 


When  the  stream  is  of  sufficient  depth 
— say  three  feet  or  over — the  average 
velocity  can  be  more  closely  determined 
bv  using  a  pole,  to  one  end  of  which  is 
attached  a  stone  or  piece  of  lead  of  suf- 
ficient weight  to  cause  the  pole  to  sink 
nearly  to  the  bottom.  In  this  way  the 
velocities  at  the  surface  and  bottom  of 
the  stream  counteract  each  other,  and  a 
closer  approximation  of  the  average  ve- 
locity is  obtained. 

Weir  Dam  Method 

Following  is  the  method  pursued  in 
measuring  by  the  Weir  Dam  system: — 
Place  a  board  or  ])lank  in  the  stream,  as 
illustrated,  at  some  point  which  will  al- 
low a  pond  to  form  above.     The  board 


Weir  Dam  Method  of  Measurement. 


should  have  a  notch  cut  in  it  with  its 
edges  beveled  toward  the  intake,  as 
shown.  The  length  of  the  notch  should 
be  at  least  four  times  its  depth  for  small 
quantities,  and  longer  for  large  quanti- 
ties. In  addition  to  the  above,  for  ac- 
curate measurements,  it  is  advisable  also 
to  have,  if  possible,  the  length  of  the 
notch  about  two-thirds  the  width  of  the 
A\'ater  on  the  up-stream  side :  it  may  be 
necessary  to  experiment  somewhat  in 
order  to  obtain  this  condition. 

The  overfall,  or  vertical  distance  the 
water  falls  on  the  down-stream  side, 
should  be  about  twice  its  depth — that  is, 
twelve  inches  if  the  notch  is  six  inches 
deep  ;  and  so  on. 

In  the  bed  of  the  pond,  not  less  than 
three  feet,  and  preferably  six  feet,  from 
the  weir,  drive  a  stake  near  the  bank, 
with  its  top  precisely  level  with  the  bot- 
tom of  the  notch  in  the  weir ;  then  meas- 
ure carefully  with  a  rule  the  depth  of 
water  over  the  top  of  the  stake.  This 
will  give  the  theoretical  depth  of  flow 
corresponding  to  that  of  the  table  (see 
accompanying  table  for  use  in  measure- 
ments). 

In  order  to  obtain  accurate  results,  it 
is  essential  that  the  velocity  of  water  in 
the  pond  be  extremely  low ;  and  if  the 
weir  be  constructed  of  proper  propor- 
tions, this  condition  will  exist. 
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Table  for   Weir  Me-^suremekt 

Givine  cubic  feet  of  water  per  minute  flowinc  over  u  weir 
one  inch  wide  and  'A  inch  to  20ji  inches  deep 
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ExAMTLE  Showing  Application  of  Adove 
Table 

Suppose  the  weir  to  be  66  inches  long,  and 
the  depth  of  water  on  it  to  be  nj^s  inches. 
Tollow  down  the  left-hand  column  of  tlic 
figures  in  tlie  table  until  you  come  to  ii  inches. 
Then  run  across  the  table  on  a  line  with  the  1 1, 
until  under  %  on  top  line,  and  you  will  find 
15.85.  This,  multiplied  by  66.  the  length  of 
weir,  gives  1,046.10,  the  number  of  cubic  feet  of 
water  passing  per  minute. 


I  •.'11   ^'l  A'  '■iff'.n-  ■. 

Miner's  inch  Method 
The  term  "MIiuts  Inch  Method"  is 
more  or  less  indefinite,  for  the  reason 
that  the  water  companies,  in  mcasurinp^ 
water  used  by  their  customers,  do  not 
all  use  the  same  head  aljovc  the  center 
of  tlie  aperture  :  and  the  so-cailetl  "inch," 
acconhnjjiy,  varies  from  1,36  to  1.73 
cubic  feet  per  minute.  The  most  com- 
mon measurement,  however,  is  throuijh 
an  aperture  two  inches  high  and  of  what- 
ever width  may  be  necessary,  through  a 
plank  I '4  inches  thick,  as  shown  in  the 
illustration.  The  lower  edge  of  the  aper- 
ture should  be  two  inches  above  the  lx)t- 
tom  of  the  measuring  box,  and  the  plank 
five  inches  high  above  the  aperture,  thus 
making  a  six-inch  head  above  the  cen- 
ter of  the  stream.  Each  square  inch  of 
this  opening  represents  a  "miner's  inch," 
which  is  equal  to  a  flow  of  I'j  cubic  ft-et 
per  minute.  The  element  of  time  is  not 
considered  in  the  calculation  of  a  miner's 
inch. 
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MINUTE  MAN  STATUE  AT  CONCORD,  MASSACHUSETTS. 


This  monument  stands  near  the  famous  North  Bridge  that  figured  so  prominently  in  the  historic  battle,  or  rather 
skirmish,  of  April  19,  1775,  which,  in  conjunction  with  the  earlier  engagement  of  the  same  day  at  Lexington,  began 
the  War  of  the  Revolution.  When  the  800  British  soldiers  under  Lieutenant-Colonel  Smith  and  Major  Pitcairn,  who 
had  been  detailed  by  General  Gage  to  destroy  the  stores  at  Concord,  arrived  at  Concord,  they  found  an  armed  force 
of  300  Provincial  troops,  under  Colonel  Barrett  and  Major  Buttrick,  ready  to  receive  them.  In  the  fusillade  that 
followed,  several  on  both  sides,  were  killed  and  wounded.  After  setting  fire  to  the  courthouse  and  destroying  some 
stores,  the  British  retreated  toward  Boston.  They  were  saved  from  capture  only  by  a  reinforcement  of  900  troops, 
who  joined  them  at  Lexington,  in  spite  of  whose  aissistance  they  were  so  harassed  by  the  Provincials  along  the  route 
that  their  retreat  became  a  rout. 

(350) 


WAS     MADE 


Leyden  Strfc«,  North,  Plymouth,   Mass.      It  follows  closrly  the  Hnrs  of  the  liiM  5trr<-l  laid  out  in   Plymouth  — a 
path  running  from  the  Pilgiim  spring  to  the  lop  of  the  hill  where  the  fort  stood. 


Site  of  first  permanent  Swedish  settlement  in  America.  This  stone  is  a  portion  of  the  rocki  on  which  the  firrt 
Swedish  colonists  landed  under  Peter  Mmuit.  March  29,  1638;  and  marks  the  site  of  old  Fort  Chrul.ana.  .1  the 
mouth  of  the  creek  of  that  name  on  the  Delaware  coast.  New  Sweden,  as  the  colony  was  called.  pa.vJ  by  con- 
quest to  the  Dutch  in  1655.  and  to  the  English  in  1664.     Memonal  erected  by  Delaware  Society  of  Colon«l  Dame. 

of  America,  March  29.  1903. 
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Life  Stories  of  Successful  Men 

Frederick  Douglass  Underwood 


By  HENRY  M,  HYDE 

Author  of  "The  Buccaneers" 


IT  would  be  possible  to  g:et  a  fairly 
good  idea  of  the  character  and  ca- 
reer of  Frederick  D.  Underwood  by 
simply  studying  his  photograph.* 
The  face  'is  that'  of  a  man  accustomed 
to  the  handling  of  large  responsibilities, 
self-reliant  and  determined,  trained  to 
meet  emergencies  and  to  handle  men. 

First  a  clerk,  then  a  brakeman  on  the 
Chicago,  Alilwaukee  &  St.  Paul  road  in 
1870;  President  of  the  great  Erie  Rail- 
road System  in  1 901— that  is  the  begin- 
ning and  the  end  of  his  story.  Between 
it  lies  a  record  of  hard,  conscientious 
work,  of  steady  climbing,  of  constant 
growth  in  capacity,  which  cannot  fail  to 
prove  inspiring  to  the  American  boy  who 
is  ambitious  to  rise  in  the  railroad  busi- 
ness, and  who  starts,  as  did  he,  with  no 
advantages  save  those  of  good  health,  na- 
tive ability,  and  bull-dog  determination 
to  "get  on." 

Though  the  president  of  one  of  the 
greatest  of  Eastern  railroad  systems,  Mr. 
Underwood  is  of  the  West,  Western.  He 
belongs  to  that  large  and  exceedingly 
important  class  of  Eastern  railroad  exec- 
utives who  received  their  early  training 
in  the  freer  and  less  formal  air  of  the 
Middle  and  Far  West.  Strangely  enough, 
it  mav  be  remarked  in  passing,  there  is 
no  W'estern  railroad  president  who  came 
to  his  position  from  an  Eastern  training 
and  who  has  made  a  great  success  in  his 

new  post. 

j\Ir.  Underwood  was  born  in  the  little 
Wisconsin  village  of  Wauwatosa,  fifty- 
three  years  ago.  He  went  to  the  public 
school's  of  his  native  town,  and  a  little 
later  attended  the  fine  old  Wayland  Acad- 
emv  at  Beaver  Dam,  Wisconsin.  At  eigh- 
teen he  was  ready  to  go  to  work.  From 
the  very  first  he  showed  one  of  those  qual- 

*NoTE.— Mr.  Underwood's  portrait  forms  the  frontis- 
piece in  this  number. 
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ities  which  have  since  proved  factors  in 
his  success.   Although  he  had  an  academic 
education,  he  did  not  feel  himself  above 
settling  down  to  hard  manual  labor.    The 
railroad  business  appealed  to  him,  and  he 
began  to  learn  it  at  the  bottom,  starting 
as  brakeman  on  a  local  run.     That  was 
on   the   old    Chicago,    Milwaukee   &   St. 
Paul  Railway,  in  the  service  of  which 
he  remained  for  eighteen  years.     During 
that  time  it  would  be  hard  to  name  a  posi- 
tion on  the  operating  side  of  the  road 
which    Mr.    Underwood   did  not   fill  — 
from  twisting  a  brake  wdieel  up  to  su- 
perintending a  division.     He  served  as 
superintendent    of    elevators,    as    train 
master,   and   in   half  a  dozen   other  ca- 
pacities from  the  one  post  to  the  other. 
The  Chicago,  Milwaukee  &  St.  Paul 
road  was  Mr.  Underwood's  alma  mater 
in  the  railroad  business.     When  he  left 
it   to   assume   larger   responsibilities,   he 
knew    the    business    literally    from    the 
ground  up.     There  was  nothing  in  the 
operating   department  of  a   railroad   of 
which  he  was  not  master.  Eighteen  years 
is  a  long  apprenticeship  for  an  ambitious 
vouns:  man  to  serve  in  anv  business.     It 
makes  the  four-year  period  spent  m  prep- 
aration by  a  professional  man  seem  trivial 
in  comparison.     But  that    it    was    well 
spent  and  was  well  worth  spending,  Mr. 
Underwood's  subsequent  career  has  suffi- 
cientlv  demonstrated. 

When  he  left  the  St.  Paul  to  take  the 
position  of  General  Superintendent  of  the 
Minneapolis  &  Pacific  Railway  in  1886, 
Mr.  Underwood  took  with  him  two  quali- 
ties which  have  ever  since  been  especially 
valuable  to  him.  One  was  an  ability  to 
meet  any  crisis  in  the  operating  of  a  rail- 
road, quickly  and  successfully.  That  was  a 
direct  result  of  his  practical  acquaintance 
with  every  detail  of  railroad  operation. 
When  an  accident  happened,  Mr.  Under- 
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wood  was  always  quick  to  understand  its 
causes,  and  to  deciile  what  were  the  steps 
necessary  to  be  taken.  His  lon^  traininjj 
had  made  him  resourceful;  it  is  said  of 
him  that  never  has  lie  been  cornered. 

The  second  great  quality  is  that  of  al- 
ways keepiiij;"  in  touch  with  the  workin.Lj 
force  under  him.  It  is  easy  to  understand 
that  an  executive  who  has  himself  served 
as  a  brakeman  will  be  quicker  to  under- 
stand ami  sympathize  with  brakenien. 
than  will  one  whose  knowledc^e  of  that 
part  of  the  work  is  purely  theoretical. 
This  quality  has  enabled  Mr.  Untlerwood 
to  develop  amonc^  the  operatinj::  force  of 
every  road  with  which  lie  has  been  con- 
nected a  sj)len(Iid  csf'rif  dc  corps  —  the 
si)irit  of  loyalty  and  enthusiasm. 

Xothing'  is  more  imjiortant  to  the  suc- 
cess of  any  larg^e  enterprise.  When  em- 
jiloyecs.  even  down  to  the  most  minor, 
speak  of  "our  road"  and  know  that  its 
president  is  always  ready  to  hear  their 
troubles  and  complaints,  the  battle  has 
been  half  won.  On  a  .j^reat  system  em- 
I>loyin£::^  thousands  of  men,  such  a  jjeneral 
feeiincf  is  one  of  the  most  valuable  of 
assets.  The  man  who  can  inspire  and 
maintain  it  is  hard  to  find  :  and.  once 
found,  railroad  owners  will  hold  him  at 
almost  any  cost. 

The  third  in  the  trinity  of  q^reat  quali- 
ties which  have  made  Mr.  I'nderwood 
one  of  the  foremost  of  railroad  manapfcrs. 
is  that  of  a  tireless  personal  energ^y.    His 


associates  .speak  of  him  as  a  perfect 
whirlwind  of  determination  and  action. 
Like  every  railroad  president,  he  carries 
resjionsibilities  which  would  quickly 
crush  a  man  less  thorouj^lily  trained — 
less  hardened  to  the  constant  strain. 

In  iHS/»  .Mr.  L'nderwood  was  called 
to  take  charj^e  of  the  construction  of 
the  Minneapolis.  St.  Paul  &  Sault  Ste. 
.Marie  Railway;  and  afterwards  of  its 
opiratioii.  He  rttained  the  position  of 
(iencral  .Manaj^er  of  that  road  for  thir- 
teen years,  wliich  covered  the  pcricnl 
from  the  time  the  first  rail  was  laid  un- 
til iSt)<).  I 'poll  Iravintr  the  service  of 
that  railway,  his  work  there  was  ei)itoin- 
ized  in  the  followinj^  resolution  of  its 
r.oard  of  Directors: 

"His  service  with  the  Company  l)eRan  in  its 
infancy,  and  he  leaves  it  with  1.260  miles  of 
well-constnictcd  and  thoronnlily  i-iiuipped  rail- 
way, in  successful  operation,  with  all  promises 
ftir  resnlts.  created  lar^i'ly  tliroiif^h  the  energy, 
ahility,  and  wisdom  of  his  management." 

In  January.  1890,  he  went  to  the  Balti- 
more &  C^hio  as  General  Manager.  In 
June,  iSqc),  he  was  promoted  to  Second 
X'ice-President.  In  May.  ic^)!,  he  was 
called  to  the  presidency  of  the  pfreat  Erie 
Railroad  and  its  allied  companies.  In 
that  cajxacity  he  has  since  served,  ranking 
among  the  ten  or  a  dozen  great  railroad 
managers  who  to-day  have  practically 
the  whole  tran.sportation  interests  of  the 
countrv  under  their  direct  charge. 


A  lO-TON  ELECTRIC  LOCO- 


TRAIN-LOAD  OF  COAL  ON  GRADE. 


Railroading   Belov/   Ground 

The  Subterranean  World  of  the  Mines  Invaded  by  the  Electric  Locomotive,  Less- 
ening Danger  and  Lightening  Labor 


By  R.  REFORD 


E 


L  E  C  T  R  I  C  locomotives  have 
brought  about  a  new  era  in  min- 
ing. Now  they  may  be  found 
speeding  about  in  tunnels  far  be- 
low the  surface  of  the  earth,  at  depths 
whereat  it  has  heretofore  been  impossible 
to  operate  any  kind  of  haulage  system. 
In  their  case  there  is  no  smoke  to  choke 
up  the  subterranean  passages ;  and  with 


A  15-ToN  Electric  Locomotive  Hauling  Train  of 
Coal  Cars  in  Tunnel. 


their  cleanliness  and  freedom  from  the 
many  faults  common  to  other  kinds  of 
haulage  engines,  these  types  of  locomo- 
tives permit  of  convenience,  economy, 
and  absolute  safety  at  almost  any  depth 
underground  to  which  it  is  possible  for 
man  to  penetrate.  Xo  fires  need  be  built 
in  running  them,  and  thus  the  danger 
of  igniting  the  explosive  gases  that  some- 
times form  in  mines  is  avoided.  They 
go  down  into  the  deepest  mines,  bring 
out  their  trains  of  coal  or  ore,  and  haul 
them  directly  to  the  dock  or  smelter. 
They  make  their  way  into  the  mountain 
side,  and  haul  away  the  raw  material 
to  the  point  of  chipment  or  to  other 
places  desired,  with  greater  speed  and 
economy  of  operation  than  was  ever  be- 
fore known.  They  work  as  well 
in  the  deep,  damp,  and  dark  depths  as 
they  do  on  the  surface  of  the  earth.  They 
are  always  in  readiness  for  operation,  and 
can  be  started  or  stopped  with  the 
promptitude  of  a  trollev  car  or  automo- 
bile. 

In  fact,  some  of  these  great  locomo- 
tives that  have  been  constructed  for  min- 
ing purposes  might  be  called  under- 
ground automobiles.  They  do  not  use 
gas  for  fuel,  however,   for  that  would 
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be  unsatisfactory  and  danp^erous.  They 
arc  storat^c-battery  electric  '"autonio- 
biles,"  tliat  haul  trains  ami  run  on  tracks. 
In  sttira^e-battery  locomotives  for 
mine  haulaijje,  two  f^eneral  types  are  used. 
For  mines  haviiim"  amjjle  hcii^ht  of  entry 
the  battery  is  supported  directly  on  the 
frame  of  the  locon'otive.  thus  addini^  its 
weifjht  to  that  of  the  locomotive  in  se- 
curing tractive  effort  on  the  rails.  For 
low-vtiu  mines  the  battery  is  carried  on 
a  separate  truck  or  tender,  thus  reducinqf 
the  height  of  the  locomotive  to  a  mini- 
mum. This  arranc^ement  reduces  the 
useful  haulinp^  capacity  of  the  locomotive, 
but  accuinmodales  itself  to  very  low  en- 


tile "single-end"  type  is  arranged  for  the 
operator  to  sit  at  one  end ;  and  the 
"double-end"'  locomotive  is  so  constructed 
that  the  man  in  control  may  sit  at  either 
end  and  still  have  perfect  mastery  over 
the  engine. 

In  the  "standartl,"  the  engineer,  seated 
in  the  center,  is  jirotected  from  injury 
by  the  frame  of  the  locomotive.  This 
construction  has  freciuently  saved  oper- 
ators from  serious  injury  and  from  loss 
of  life,  and,  when  conditions  permit,  is 
preferable  to  those  styles  in  which  the 
operator  is  seated  at  the  end. 

Wire-rope  cable  railway  systems  are 
also  used  in  many  mines ;  but  the  restric- 


A  I'  TON  LLECTKIC  LOCOMOTIVE  HAULING  TRAIN  OF  COAL  CARS. 


tries  and  rooms,  and  greatly  reduces  the 
amount  of  stoping  which  would  other- 
wise be  necessary.  A  still  larger  type, 
provided  with  a  cab  for  the  operator,  is 
used  in  places  where  it  is  possible  for  it 
to  run.  This  larger  type  is  suitable  for 
switching  standanl  freight  cars,  and  t'lus, 
in  a<ldition  to  its  service  in  the  mine,  is 
capable  of  doing  duty  where  conditions 
prevent  the  use  of  a  trolley  system. 

Electric  locomotives  for  mining  pur- 
poses range  in  weight  from  two  tons  to 
twenty-five  tons.  The  trolley  locomotive 
is  usually  built  with  one,  two,  or  three 
motors.  In  the  better  makes,  the  entire 
weight  of  the  locomotive  is  always  used 
in  securing  tractive  effort  on  the  rails. 
In  the  "standard"'  type,  the  engineer  is 
seated  in  the  center  of  the  locomotive; 


tions  on  them,  an<l  their  limited  field  of 
operation,  make  them  as  inferior  to  the 
electric  locomotive  for  general  service  as 
is  the  cable  car  to  the  trolley  car.  For 
short  hauls,  however — as  in  hauling  the 
products  of  mines  to  the  hoists,  to  be 
raised  to  the  surface  of  the  ground — 
these  cable  railways  are  often  superior  to 
electric  locomotives.  This  method  is 
known  as  the  "tail-rope"  system.  The 
cars  are  run  in  trains.  They  usually 
weigh  about  850  poimds,  and  hold  one 
ton  each.  The  regular  haul  of  the  Coal 
\'alley  Company's  system  at  Cable,  111., 
is  twenty  cars. 

The  tail-rope  system  consists  of  two 
ropes  winding  on  separate  drums,  which 
mav  be  located  at  different  points,  but 
which  generally  work  '"^  the  same  shaft. 
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Tlic  main  rope  runs  along  the  ground, 
and  is  attached  to  the  front  of  the  loaded 
train.  The  "tail"  rope  is  supported  along 
the  walls  of  the  roof  of  the  tunnel  ex- 
tending to  the  end  of  the  haul,  \yhere 
it  passes  over  a  return  wheel,  and  is  re- 
turned along  the  ground,  being  attached 
to  the  rear  of  the'train.  The  main  rope 
is  then  wound  on  the  drum,  hauling  the 
load  followed  bv  the  tail  rope.     For  the 


return  trip,  the  motion  is  reversed.  The 
tail  rope  is  wound  on  its  drum,  and  the 
empty  cars  are  drawn  to  the  end  of  the 
haul,  dragging  the  main  rope. 

This  system  is  also  found  in  use  at 
enormous  depths  underground,  but  usu- 
ally necessitates  the  employment  of  a 
hoist,  while  the  electric  locomotive  hauls 
its  cars  directly  from  the  mine  without 
change. 


Concrete  Piling 

Its  Advantages  in  Foundation  Construction 


By  PHILIP  ARLINGTON 


COX'CRETE  piling,  which  has  been 
the  dream  of  engineers  and  build- 
ers for  generations,  is  at  last  com- 
ing into  practical  use.  "It  is  one 
of  the  most  important  improvements  in 
architectural  construction  ever  devised," 
savs  one  engineer,  "and  seems  destined 
to  revolutionize  foundation  building." 


Bryson  Apartment  Building,  Lake  Avenue,  Chicago,  III. 
Built  over  12  years  ago,  the  first  building  erected  on  concrete  piles.— There  has  been  no 

settling  of  its  foundation. 


In  a  test  made  in  Chicago  with  a  2,- 
200-pound  hammer,  dropping  25  feet,  it 
was  computed  that  a  20-foot  wooden  pile. 
10  inches  in  diameter  at  the  bottom  and 
I2y2  inches  at  the  top,  would  carry  17,- 
000  pounds,  or  that  10  piles  would  carry 
170.000  pounds ;  wdiile  a  20-foot  concrete 
pile,  6  inches  in  diameter  at  the  bottom 

and  20  inches  at 
the  top,  would 
carry  65,000 
pounds,  or  five 
concrete  piles 
w  o  u  1  d  carry 
325.000  pounds 
— a  difference  of 
155.000  pounds 
in  favor  of  five 
concrete  piles 
over  ten  average 
w^ooden  piles. 

Concrete  piles 
can  be  used  in 
all  places  where 
wooden  piles 
can  be  used,  and 
in  some  places 
where  wooden 
piles  w^ould  be 
quite  imprac- 
ticable. By  their 
use,  permanent 
instead  of  tem- 
porary      struct- 
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tube  has  only  to  be  filled  in  with  the  best 
I'ortlanil  cement  concrete,  to  complete  the 
pile. 

The  piles  are  made  in  various  lenR^ths. 
In  shape  they  are  scientifically  correct  for 
the  maximum  resistance  by  friction. 
They  taper  from  20  inches  at  the  t<»j)  to 
6  inches  at  the  bottom,  thus  making  a 
symmetrical  cone  alTordinjj  a  most  pow- 
erful resistance  to  soil  i)enetration.  This, 
taken  to.s^a'ther  with  the  cfnat  strent^'th  of 
Concrete  to  resist  crushinJ,^  and  the  fact 
that  it  is  impervious  to  the  ravaj:jes  of 
time,  decay,  and  insects,  makes  an  ideal 
substitute  for  wood  piles  and  a  durable 
and  substantial  foundation  midtr  all  soil 
conditions. 

In  some  cases  it  is  desirable  to  <lrive 
concrete  piles  to  bedrock,  when  it  is  near 
the  surface,  l-'or  these  cases  a  special 
core  taperin.sf  from  20  inches  at  the  top 
to  13  inches  at  the  point,  is  used.  The 
piles  then  form  sul)stanti.-d  cohuuns  of 
concrete  upon  which  to  build  the  sui)er- 
structure. 

Concrete  piles,  it  is  claimed  bv  their 
mamifacturers.  are  not  oidy  nuich  more 
durable     but     more     economical     than 


The  core  is  shown  in  (he  leaders.   The  shdl  on  the  riKht  is 

drawn  up  hii:b  enouKh  to  be  lowered  into  the 

shell  just  driven,  and  (hen  slipped 

over  (he  core. 


ures  are  built.  They  can  be  used  in  dry. 
filled  j^round  as  well  as  in  wet  soil,  which 
may  cause  wooden  j)iles  to  decay.  They 
are  adapted  to  hi.c^h  ground  and  will  pre- 
vent any  settlement,  the  settlement  all 
having  been  made  l)y  packing  the  .soil 
while  driving.  .Ml  soft  places,  should 
there  be  any,  will  be  found.  These  can- 
not be  discovered  in  placing  ordinary 
foundations. 

A  well-known  gentleman  of  Chicago  is 
the  inventor  of  the  concrete  piles  now 
in  general  use.  Their  construction  is 
very  simple.  A  steel  pile  core,  the  size 
and  shape  of  the  pile  desired,  is  incased 
in  a  thin,  closely  fitting  shell.  The  core 
and  shell  are  then  driven  into  the  ground 
in  the  usual  manner  by  means  of  a  i)ile 
driver.  I'y  a  simple  and  ingenius  device 
the  core  is  collapsed  or  shrunken  slightly 
so  that  it  loses  contact  with  the  shell  and 
is  easily  withdrawn,  leaving  in  the 
ground  a  clean,  perfectly  formed  hollow 
tube  of  the  size  and  depth  required.   This 


Drivimu  Pile  ikto  Shblu 
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COMPLETED  CONCRETE  PILES. 

The  five  piles  in  the  center  are  to  carry  the  chimney. — A  comparison  with  the  barrel  seen  in  the  picture  will  give  an 

accurate  idea  of  the  size  of  the  piles. 


wooden  piles,  steel  beams  in  concrete,  or 
spread  foundations  of  concrete.  As  con- 
crete piles  are  made  where  they  are  used, 
their  cost  varies,  depending-  upon  the  cost 
of  transporting  the  machinery  to  the  site, 
the  availability  of  material,  character  of 
the  soil  to  be  penetrated,  the  number  of 
piles  required  in  a  given  place,  etc.  Or- 
dinary wooden  piles  average  about  12 
inches  in  diameter  at  the  top,  giving  113 
square  inches  of  surface.  A  concrete 
pile  is  20  inches  in  diameter  at  the  top, 


giving  314  square  inches  of  surface,  or 
2.77  times  that  of  the  wooden  pile.  The 
taper  of  the  wooden  pile  is  only  about 
three  or  four  inches  from  top  to  bottom, 
while  the  taper  of  the  concrete  pile  is 
14  inches. 

The  concrete  piles  are  also  especially 
adapted  for  trestle  w^ork,  foundations  of 
abutments  and  piers,  docks,  sea  walls, 
wharves,  breakwaters,  and  all  other  cou' 
structions  in  which  a  firm  adamantine 
foundation  is  needed. 


v; 


77 


lYZJ 


lYZJ 


h 


T 

I 


\ 


M 


.^f'-\ 


EMGINEEmnQ 
PROGRESS 


Sectioimal  Stceammlboats 

A  \'KSSEL  that  can  be  "knocked 
^*-  down,"  shipped  on  board  a  trans- 
port, antl  its  five  sections  reassembled 
aj2^ain  in  a  seaway,  without  tlie  aid  of 
(Hvers,  all  within  less  than  two  hours,  is 
a  novelty  in  marine  construction  now 
possessed  by  the  United  States  Army 
transport  service.  The  vessel  is  called 
the  Pontonicr,  and  its  lenj^th  over  all  is 
80  feet,  with  18  feet  beam.  3  feet  6  inches 
draught,  and  a  displacement  of  "jz  tons. 
I  ler  speed  is  1 1  knots  an  hour. 

The  Pontomcr  is  the  first  vessel  of  its 
kind  ever  constructed,  and  was  designed 
to  meet  an  experiment  which  the  engi- 
neers of  the  War  Department  wished  to 
test  for  general  drill  and  transjiortalion 
purposes  at  the  L'nited  States  Engineer 
School   of   Application,  in   Washington, 


I ).  C.  The  service  to  which  llie  vessel 
would  be  put  in  time  of  war  would  be 
to  transport  troops  and  munitions  frf)m 
ships  of  an  expeditionary  force  to  a  coast 
where  a  landing  is  to  be  eflfected.  It  is 
at  the  present  time  in  active  transport 
service. 

The  importance  of  the  prompt  liand- 
ling  of  men,  provisions,  and  war  ma- 
terial from  army  transports,  had  frecpient 
illustration  during  the  Spanish-American 
war ;  antl  it  was  the  result  of  lessons 
gained  at  th.it  time  in  landing  troops 
and  supplies  in  Cuba  that  directed  the 
efforts  of  army  engineers  towards  an  im- 
provement of  existing  facilities.  A  craft 
built  in  sections  so  that  it  could  easily  be 
shipped  aboard  a  transport,  and  as  easily 
Heated  in  sections  and  rcasscml)led 
when  aflf^at.  was  decided  on.  The 
sum      of     $15,000     was      appropriated 


ASSEMBLING  THE  SECTIONS  OF  THE  /■ 
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for  an  experimental  vessel,  which  was 
built  bv  the  Gas  Engine  &  Power  Com- 
pany, and  Charles  L.  Scabury  &  Co., 
Consolidated,  of  Morris  Heights,  New 
York  City. 

The  sectional  steamboat  is  of  steel 
throughout,  with  a  modeled  flat-bot- 
tomed hull.  The  assembling  parts  are 
arranged  so  that  they  can  be  gotten  at 
readify,  and  are  fitted  with  a  self-locking 
device,  the  parts  when  assembled  form- 
ing a  complete  hull  which  stands  running 
and  wave-action  without  dan- 
ger of  opening  out.  The  steel 
deck  is  built  to  carry  a  load 
of  ten  tons  concentrated  on 
four  wheels  with  a  distance 
between  front  and  rear  axles 
of  eight  feet. 


are  provided  with  hand-hoisting  machin- 
ery. There  are  davits  for  two  light 
boats,  and  the  hatchways  into  the  section 
of  the  deck  forward  are  provided  wdth 
w^ater-tight  coverings,  which,  when 
down,  are  flush  with  the  deck.  The  fifth 
section  comprises  the  oval  counter,  which 
may  not  be  used  if  so  decided. 

In   assembling   the   vessel   at   sea   the 
boiler  section  is  floated  first,  because  of 
its  weight,  which  establishes  the  water- 
line.    The  sections  are  fitted  with  cones 
14    inches    in    diameter. 
On  the  deck  of  each  sec- 
tion is  a  windlass,  witli  a 
steel  cable  to  connect  the 
sections,  the  latter  being 
reinforced     with     bolts. 
\Vith  the  steam  connec- 
tion between  the  engine 


Sectional  Steamer  "Pontonier." 
Used  in  Army  Transport  Service. 

With  the  steel  deck  in  place,  each 
member  of  the  vessel  becomes  water- 
tight, or  box-like  in  form.  The  bow 
section  carries  a  derrick  and  the  anchor 
equipment,  with  chain  and  store  lockers. 
The  next  section  aft  serves  as  a  hold 
for  the  cargo,  and  also  contains  quarters 
for  the  crew.  Twenty  men  can  be 
berthed.  In  the  third  section  are  the 
boiler ;  the  coal  bunkers,  with  a  capacity 
of  thirteen  tons  ;  and  a  portion  of  the 
water  storage.  On  top  of  the  third  sec- 
tion is  located  the  pilot  house,  to  the  rear 
of  which  is  provided  seating  space  for 
passengers.  The  vessel,  however,  can 
be  operated  without  the  pilot  house.  In 
the  section  next  aft  the  boiler,  is  the 
propelling  power — two  engines  of  the 
double-cylinder  compound  type,  the  cyl- 
inders being  12  inches  and  6  inches  in 
diameter,  with  9  inches  stroke. 

The  derrick  mast  and  boom  are  con- 
structed to  lift  a  weight  of  six  tons,  and 


and  the  boiler  made,  and  the  piping  for 
water  feed  to  the  boiler  connected  to  the 
pump,  the  boat  is  ready  for  service. 

The  officers'  quarters  are  in  the  section 
containing  the  engines,  where  a  space  1 1 
feet  6  inches  fore  and  aft  is  cut  off  with 
an  inside  bulkhead  for  the  purpose.  The 
galley  is  provided  wnth  a  cooking  range, 
and  the  cabin  and  pilot  house  w'ith  suit- 
able seats  and  tables. 


Fire   Cs^rs 

I7IRE  cars  on  elevated  railroads  are  an 
^  innovation  recently  introduced  in  Chi- 
cago. The  cars  have  proved  of  great 
service   in   extinguishing  blazes  on  and 
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near    the    tracks,    preventini^    irreat    los> 
and  the  blocking  of  traffic. 

The  cars  correspond  in  type  to  tlie  rr:; 
ular  chemical  enj^Mnes  in  use  in  the  ciiv 
I'ire  iX'partnKiit.  Four  «»f  them  arc 
stationed  at  the  terminals  of  the  four 
branches  of  the  Metropolitan  Elevated 
Company's  lines. 

At  a  trial  p;iven  in  the  presence  oi' 
members  of  tlie  ChicacfO  Fire  Under- 
writers' Association  and  the  officials  of 
the  railway  company  at  LoQ^an  Scpiare. 
the  speed  and  efticiency  of  the  cars  were 
demonstrated,  resultinpf  in  their  pfencral 
installation  by  the  road.  After  a  nm  of 
one  mile,  a  fire  was  extins^uishod  within 
six  minutes  from  the  time  the  alarm  was 
soundetl. 

The  equipment  of  the  fire  cars  con- 
sists of  two  ic)0-j:^allon  tanks  of  chemical 
solution,  and  two  lines  of  hose,  each  150 
feet  lon.c^.  In  addition,  a  reservoir  con- 
taining: 200  additional  p^allons  of  solution 
is  carried  on  each  car.  A  car  crew  con- 
sists of  two  trained  men. 

While  the  fire  cars  arc  at  present  con- 
fined to  one  railway  line  iti  Chica.c^o.  their 
success  has  been  so  pronounced  that  thev 
will  pro])ably  soon  be  installed  by  the 
other  elevated  systems.  Other  cities,  also, 
have  made  inquiries  with  a  view  to  adopt- 
ing them.  It  has  been  proved  that  the 
fire  cars  can  reach  a  fire  on  or  near  the 
line  much  more  quickly  than  can  an  en- 
gine of  the  Fire  Department.  Because 
of  their  running  on  a  track  and  being 
propelled  by  electricity,  thev  are  able  to 
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Interior  of  Fire  Car  on  Elevated  Railway. 
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make  many  times  the  spee<l  of  the  munic- 
il)al  vehicles  pulled  by  horses. 


Fo^^er    of   Gasoline 
Motors 

A  CONX'EXIFXT  rule  for  finding 
f\  the  approximate  horse-power  of 
gasoline  motors  is  :  ".'^(luare  the  diameter 
of  one  cvlinder  iti  centimeters,  and  divide 
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bv  five. "  for  a  four-cylinder  motor ;  or, 
in  other  words.  B.  II.  P.  of  one  cylinder 

(  diameter   in   centimeters  > 
lor  example,  take  an  •  \\;u\   :■  ur 

cylinders  lOO  millimete:  c,  aiul   140 

millimeters'  stroke.  Then,  since  i  centi- 
meter 10  millimeters,  we  find  the 
li.  H.  P.  of  the  engine  to  be  10'  -:-  5 
Cr=  20)  B.  II.  P. — a  very  simple  mental 
calculation  which  is  just  about  correct, 
being  based,  of  course,  on  assumed  con- 
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THE  NAPIER  MINOR. 
Most  successful  British  motor  boat.— This  type  of  vessel  affords  the  only  means  yet  devised 

for  attacking  an  enemy's  submarines. 


stant  piston  speed  and  volumetric  effi- 
ciency. As  a  matter  of  fact,  within  lim- 
its, as  the  piston  speed  increases,  the 
volumetric  efficiency  drops,  so  that  an  en- 
gine will  give  practically  the  same  horse- 
power over  a  considerable  range  of  speed, 
although  the  fuel  economy  will  vary  con- 
siderably. A  glance  at  the  accompanying 
curve  diagram,  which  refers  to  an  engine 
of  the  size  mentioned,  will  show  these 
points  clearly.  A  shows  the  total  B.  H. 
P.  developed  at  the  various  speeds ;  B 
is  the  horse-power  at  unit  speed,  or,  in 
other  words,  the  B.  H.  P.  per  revolution, 
multiplied  by  the  normal  revolutions  (in 
this  case  850),  and  shows  the  fall  in 
volumetric  efficiency  ;  C  shows  the  gaso- 
line consumption  in  terms  of  gallons  per 
brake  horse-power  per  hour. 

It  will  be  noticed  that,  within  5  per 
cent  the  horse-power  developed  is  con- 
stant from  740  to  1,130  revolutions  per 
minute ;  but  that,  in  this  range,  the  con- 
sumption increases  from  0.09  to  0.13  gal- 
lon per  horse-power  hour,  owing  mostly 
to  loss  of  volumetric  efficiency  and  car- 
buretter error. 

\\'hen  the  diameter  of  the  cylinder  is 
found  in  inches,  it  can  be  reduced  to  cen- 
timeters by  multiplying  by  2.54,  one  inch 
being  approximately  equal  to  2.54  centi- 
meters. 


M®to^  B©a,ts  for  "Us©  isa 
War 

A  TYPE  of  motor  boat  for  which  the 
•**•  claim  is  made  that  it  afifords  the 
only  effective  means  thus  far  devised  for 
attacking  an  enemy's  submarines,  has  re- 
cently been  adopted  by  the  British  Navy. 
One  of  the  new  craft,  illustrated  here- 
with, is  called  the  Napier  Minor.  In 
tests  before  representatives  of  the  Brit- 
ish Admiralty,  this  vessel  has  demon- 
strated its  ability  to  travel  1,000  miles  at 
a  sustained  speed  of  25  miles  an  hour, 
without  taking  on  a  fresh  supplv  of  liquid 
fuel. 

When  in  motion  the  boat  is  almost  in- 


Machinekv  of  the  "Napier  Minor." 

Showing  instrument  board,  clutch,  steering  wheel,  and 

controlling  levers. 
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visible  in  the  trougli  of  tlic  track  which 
it  makes  as  it  progresses.  Herein  Hes 
one  of  its  advantages  for  scouting  pur- 
poses. The  exhaust  gases,  also,  are 
ina<le  to  leave  the  boat  sileiuly.  and  are 
rendered  practically  invisible,  being  dis- 
charged froin  the  receiver  into  a  water- 
jacketed  pipe  which  permits  them  to  pass 
into  a  silencer  and  then  overboard. 

Two  boats  of  the  same  type  have  thus 
far  been  built,  being  the  first  of  a  series 
of  high-speed  cruising  launches  which  it 
is  proposed  Xo  construct.  In  unofficial 
speed  tests,  these  boats  have  vantpiished 
racing  steam  yachts  of  nuich  greater 
len.gth  and  double  the  horse-jjower.  It 
is  believed  that  a  mosfjuito 
fleet  of  similar  craft  could  be 
utilized  with  great  advantage 
to  protect  seacoast  towns 
against  attack,  and  at  a  very 
small  cost. 

The    value    of    the    Xal^icr 


low  in  the  trough  of  its  own  headwav. 
the  Xapicr  Minor,  while  afTordin 
nieans  for  watching  an  enemy,  w 
itself  be  scarcely  visible.  Itehind  .:  .. 
torpedo  could  be  trailed  ;  and  after  being 
launched  at  a  submarine  while  the  latter 
was  on  the  surface,  a  return  could  be 
made  without  having  gi\  •  n  the  enemy  an 
opportunity  to  retaliatt . 

The  huli  of  the  Xaf^icr  Minor  consists 
of  three  slices  of  mahogany  sewed  to- 
gether with  copper  wire.  Tlu>ugh  cx- 
tremelv  light,  it  is  much  stronger  than 
that  of  the  ordinary  type  of  motor  lK)at. 
The  hull  is  painted  gray  outside,  and  the 
decks  white.     The  interior,  fittint's  are  of 


BRITISU  MOTOK  BOAT  XAHEK  MINOR. 
View  showinK  ease  with  which  vussels  of  this  typo  are  transported. 


Minor  class  of  boat  in  harbor  <lefense  has 
been  jjnjved,  experimentally  at  least,  in 
the  various  tests  to  which  it  has  been  sub- 
jected. I'or  one  thing,  a  motor  boat  of 
this  type  would  present  a  very  difficult 
target  to  the  big  guns  of  a  warship,  not 
onlv  because  of  its  small  size,  but  also 
because  of  the  fact  that,  in  the  interval 
after  the  smoke  from  the  enemy's  gun 
was  seen,  and  before  the  projectile  could 
reach  its  mark,  the  boat  might  be  stoppe<l 
or  its  course  altered.  The  extreme  light- 
ness of  the  boat  and  its  consequent  lack 
of  momentum  allow  it  to  stop  practically 
as  soon  as  the  engine  is  stopped.    Lying 


pnli.siu-d  mah..J;.lll^.  1  he  craft  is  divided 
into  two  parts,  the  forward  .section  con- 
taining the  machinery,  an<l  the  after  sec- 
tion being  r<  '  for  a  crew  of  from 
two  to  twelvt   --  .liien  an<I  an  ofTicer. 

.\  turtle-back  <leck  covers  nearly  the 
whole  of  the  forward  part,  and  under- 
neath this  are  '  '  the  •  and 
other  machincr\.  .  .rther  ]>:  n  is 
assured  against  the  spray  bv  means  of 
canvas  hoods  similar  to  a  '  ••  A 
seat  for  the              la"  is                •  '  thin 

slices  of  mal... sewed      ,      ler  ;  and 

is  so  placed  that  the  steering  wheel, 
which  is  exactlv  like  that  of  an  automo- 
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bile,  and  also  the  reversing  and  controll- 
ing levers,  are  all  at  hand. 

The  after  part  of  the  boat  may  be 
fitted  with  cushions  and  a  hood  so  that 
the  boat  can  be  converted  into  a  pleasure 
cruiser,  or  it  may  contain  provisions,  mu- 
nitions, or  anvthino:  that  may  be  re- 
(juired.  The  one  idea  the  builders  have 
kept  in  mind,  however,  is  that  of  a  boat 
capable  of  maintaining  a  high  rate  of 
speed  when  required,  and  yet  having  a 
shipshape  look  for  ordinary  use.  Owing 
to  the  special  design  of  both  the  boat  and 
her  machinery,  it  has  been  possible  to 
fulfill  these  somewdiat  severe  require- 
ments. 

The  machinery  of  one  of  the  Napier 
Minor  boats  consists  of  an  8o-horse- 
power  petrol  (gasoline)  engine.  The 
engine  is  suspended  on  horn  plates  held 
to  "fore-and-aft  bearers,  which  in  turn  are 
staved  to  the  boat  by  gussets.  The  re- 
versing gear,  entirely  enclosed,  is  carried 
on  the  same  bearers,  and  is  positive 
whether  ahead  or  astern ;  it  is  purely  a 
locked  shaft  without  running  gears  of 
an^•  kind,  the  spindle  only  of  which  is  in 
motion.  This  gear-box  is  filled  with  oil 
for  lubricating  the  bearings  when  the 
boat  is  in  motion. 

The  boat  may  be  controlled  to  a  nicety 
bv  means  of  a  clutch  running  in  oil, 
which  is  actuated  with  very  little  effort ; 
in  fact  the  clutch  may  be  forced  out  by 
merelv  pressing  one  finger  on  the  lever. 
The  shaft  is  carried  through  a  bronze 
stern  bearing,  where  it  is  again  supported 
by  bronze  propeller  brackets.  The  pro- 
peller is  of  phosphor  bronze,  and  is  de- 
signed to  absorb  the  whole  of  the  power 
of  the  engine  when  running  at  a  speed  of 
1. 1  GO  revolutions  per  minute.  The  cylin- 
der of  the  engine  is  cooled  by  the  circu- 
lation of  water,  wdiich  is  forced  around  it 
by  a  slow-speed  centrifugal  pump  having 
a  large  capacity  and  driven  directly  by 
a  chain  from  the  crank  shaft.  The  ex- 
haust consists  of  a  water- jacketed  re- 
ceiver into  which  the  exhaust  pipes  lead. 
The  gasoHne  is  carried  in  a  tank  stowed 
away  in  the  hold,  and  is  pumped  up  as 
required  to  feed  the  tank  above  the  en- 
gine under  the  forward  part  of  the  tur- 
tle-back. The  boat  can  be  controlled 
easily  by  one  man,  and  a  crew  of  two  is 
ample  to  do  everything  that  is  required. 

The  motor  lifeboat  is  another  develop- 


ment of  the  application  of  the  gas  engine 
to  water  craft  which  is  just  now  interest- 
ing English  marine  engineers.  In  March 
of  the  present  year,  successful  experi- 
mental trials  of  lifeboats  equipped  with 
motors  took  place  at  Newhaven,  where 
the  National  I.ifeboat  Association  placed 
a  two-cylinder  lo-horse-power  motor  in 
one  of  their  boats.  The  problem  of  the 
successful  use  of  the  motor  in  a  lifeboat, 
however,  presents  difficulties  not  met 
wdth  in  other  kinds  of  boats,  as  the  motor 
must  be  so  boxed  up  inside  a  perfectly 
water-tight  case  that  its  working  wdll  be 
unaffected  by  the  waves  that  break  on 
board.  ]\Ioreover,  the  motor  must  be  as 
completely  automatic  as  possible,  as  the 
attention  which  the  engineer  would  be 
able  to  give  it  on  a  cold,  dark  night  would 
not  be  very  great. 


THE  ram  depicted  in  our  illustrations 
is  being  fitted  to  the  British  battle- 
ship Britannia  soon  to  be  launched  at 
the  Portsmouth  Navy  Yard. 

A  modern  ram  is  nothing  more  than  a 
huge  steel  beak,  or  spur,  which  is  fitted 
to  the  prow  of  a  battleship  for  the  pur- 
pose of  destroying  an   enemy's   ship  in 


Placing  40-Ton  Ram  of  British  Battleship  "Britannia" 

IN  Position. 

The  bottom  end  of  the  ram  is  attached  to  the  vessel's  keel, 

and  the  space  between  the  ram  and  the  ship 

is  walled  up  with  steel. 
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war  time  by  the  force  of  collision.  In- 
deed. sliouKl  a  vessel  succeed  in  driviiifj 
her  rain  aij^ainst  another  \varshi|).  the 
blow,  if  delivered  at  full  speed,  woidd 
be  sufficient  to  crush  in  the  ship's  side  and 
sink  her  immediately.  A  battleship's  ram. 
such  as  the  one  shown  in  our  illustrations. 
wcii,dis  about  forty  tons,  and  is  cast  in 
one  piece.  It  is  of  solid  steel,  and  capable 
of  strikinjGT  a  tremendous  blow.  .*^hell- 
{)roof  a  man-o'-war  niav  be  made,  but  the 
skill  of  the  naval  architect  is  uue(|ual 
to  the  task  of  desij^ning-  a  ship  that  can 
resist  the  ram. 

(Ireat  care  has  to  be  exercised  in  ti.xini;; 
such  a  heavy  piece  of  steel.  The  method 
j^eiierally  adopted  is  as  follows:  The 
ram  is  suspended  from  a  stronsf  derrick, 
its  bottom  beinj^  attached  to  the  extreme 
end  of  the  vessel's  keel-i)lates.  The  i^aj) 
between  the  ram  and  the  uncompleted 
part,  or  hull,  is  walleil  up  with  steel  di- 
vided into  many  water-lit^ht  com])art- 
ments.  The  weapon  is  so  fixed  that  it 
strikes  just  beneath  the  armored  belt, 
where  resistance  is  weakest,  while  it  is 
so  shaped  that  the  ran.min.q"  vessel  can. 
by  rcversini^  her  cntjines,  easily  disen- 
tanc^le  herself  from  the  ship  she  has 
struck. 

As  a  weai^on  of  naval  warfare,  the 
ram  is  one  of  the  most  ancient  of  which 
we  have  any  recorded  history.  It  was 
used  with  deadly  effect  in  the  naval  fiijhts 
of  Greece  and  Rome ;  and.  in  later  times 
— as  at  Lissa.  where  the  Austrians  de- 
feated the  Italians  in  1866,  and  durinp^ 
our  own  Civil  War — it  proved  a  terrible 
enfjine  of  destruction. 

The  value  of  the  ram  as  attached  to  the 
hu.q'e  and  swiftly  movincf  warships  of 
modern  navies  has  yet  to  be  determined  ; 
and  many  authorities  claim  that  the  ship 
usinq-  it  is  liable  to  be  only  less  l)adly 
strained  and  shaken  up  by  the  shock  than 
her  opponent. 

In  some  respects  the  most  unique  ship 
in  the  American  Xavy  is  the  armored 
ram  Katalniiii,  which  was  desij^ned  for 
the  express  purpose  of  ramming.  Her 
hull  was  constructed  with  a  view  to  en- 
ablinic;-  her  to  withstand  the  terrible 
wrench  that  a  ship  runnincf  its  nose  at 
full  speed  into  a  moving^  vessel  is  certain 
to  suffer.  The  Katalidin  is  so  built  that 
the  vessel  may  be  submerged  to  her  fight- 


A  BATTLrsHii-'s  Nohe. 

Till-  4(1  lull  t.im  of  H.  M.  S.  lirifUHHt'-i  in  ixmiiinn 

•(  prow  of  wartbip. 


ing  trim  by  iin.-.iii>  oi  imuuccu  S  inch 
Kingston  outl)oard  valves,  one  in  each 
transverse  water-tight  compartment  of 
the  double  bottom.  When  not  sub- 
merged, the  vessel  is  (lesigne<l  to  have 
sufficient  freeboard   for  coasting  service. 

To  gauge  something  of  the  terrible 
damage  a  ram  is  capalile  of  inflicting,  one 
has  only  to  recall  the  case  of  the  I'ictoria, 
flagship  of  the  Mediterranean  Sr|uadron. 
which  was  rammed  by  the  Campcrdown 
and  sunk  with  \'icc  Admiral  Tryon  an<l 
about  ^f)0  men  in  iH<>.V  Accidents  with 
rams  have  also  happened  nearer  home. 
In  1805,  while  the  Chaimel  fleet  wa.s  oflf 
the  Irish  coast,  the  ]'  iccid- 

dentally  rammed  by  IIm    /-.  .  and 

sank  in  an   h<iur.      During   :  rnian 

naval  manocuvers  of  1878  the  Grosser 
Kurfursl  was  rammed  by  the  Kouii^  Wil- 
hclm,  an<l  sank  immediately.  '^^  "f  ♦'"" 
crew  being  drowned. 

It  is  interesting  to  note  that  during  the 
American  Civil  \\'ar  the  ram  was  first 
emploverl  in  th'-  ■  ••  -  1.  •-.  ...„  ti...  j.>c|. 
eral  fleet  and  tl.  ^-clad 

ram  rirs^inia  in  Norfolk  Roa<ls  in  1862, 
when  the  Federal  frigate  Or  '  "  ;</ 
was  rammed  and  sunk  by  the  .  ./^.-.ja. 
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N  Chalk  Talk  Number  \T  (Aii^s^ust, 
1904),  we  learned  that  the  indicator 
is  an  instrument  used  in  steam-en- 
gine testing  for  determining  the 
steam  distribution,  that  is,  the  points  of 
admission,  cut-off,  release,  and  compres- 
sion. Still  further  we  found  that  the 
indicator  diagram  is  proportional  to  the 
work  done  by  the  steam. 

The  average  net  pressure  (called  the 
M.  E.  P.,  or  "mean  effective  pressure") 
is  found  by  dividing  the  area  of  the 
diagram  by  its  length,  and  multiplying 
by  the  scale  of  spring.  The  reason  for 
this  is  very  simple ;  the  area  of  any  plane 
figure  is  equivalent  to  that  of  a  rectangle 
having  the  same  length,  and  a  height 
equal  to  the  mean  width  of  the  figure. 
Therefore, 

Area  =  Length  X  Height ; 
or. 

Area  -^  Length  =  Height. 

Now,  this  height,  multiplied  by  the 
strength  of  the  spring  used  when  mak- 
ing the  indicator  diagram,  equals  the 
M.  E.  P.  This  is  the  average  net  pres- 
sure acting  on  the  piston  throughout  the 
stroke.  It  is  measured  in  pounds  per 
square  inch.  This  pressure  is  very  im- 
portant, as  it  is  used  in  calculating  the 
power  of  the  engine,  usually  called  "in- 
dicated horse-power"   (I.  H.  P.). 

Horse-Pcsver 

The  term  horse-power  is  a  unit  or 
measure  of  power;  it  is  foimd  by  multi- 
plying the  acting  force  or  pressure  by 
the  distance  through  w^hich  it  acts  in  one 
minute.     Alore  accurately : 

To  find  the  indicated  horse-power  of  a  steam 
engine,  multiply  the  net  pressure  (in  pounds) 
acting  on  the  piston,  by  the  distance  the  piston 
moves  in  one  minute,  and  divide  the  product 
by  33,000. 


The  above  is  the  general  rule  and 
principle,  but  has  been  simplified  as  fol- 
lows : 

Multiply  the  M.  E.  P.  (in  pounds  per  square 
incli)  by  the  area  of  the  piston  (in  square 
inches) ;  then  hy  the  length  of  strotze  (in  feet); 
and  then  by  the  number  of  strokes  per  minute. 
Divide  the  product  by  33,000. 

In  order  to  put  this  rule  in  a  form 
easily  remembered,  the  items  are  ab- 
breviated by  using  the  initials,  as  follows : 
P  =  ]\Iean   Effective  Pressure    (in  pounds  per 

square   inch). 
L  =  Length  of  Stroke  (in  feet). 
/J  =  Area  of  Piston   (in  square  inches). 
.V  =  Number  of  Strokes  per  minute. 

_P  L  AN 
Therefore  Horse-power  —  —  • 

Of  the  above-listed  quantities,  P  is  found 
from  the  indicator  card  as  already  explained. 
L  is  known  from  the  dimensions  of  the  engine ; 
it  is  equal  to  twice  the  length  of  the  crank. 
A  is  found  in  the  same  way  as  the  area  of  any 
circle,  that  is,  by  multiplying  the  square  of 
the  diameter  by  .7854.  A^  may  be  determined 
by  multiplying  the  number  of  revolutions  by 
2,  if  the  engine  is  double-acting,  as  is  usual. 

The  illustration  on  the  blackboard  is 
an  attempt  to  show  how  these  items  are 
obtained.  The  numerous  arrows  on  the 
left-hand  side  of  the  piston  indicate  high- 
pressure  steam  ;  those  on  the  right-hand 
side  indicate  low-pressure  steam.  The 
difference  between  these  pressures  is  the 
effective  pressure.  The  length  of  stroke 
is  the  distance  the  piston  moves ;  this 
is  not  equal  to  length  of  cylinder,  because 
of  thickness  of  piston,  and  slight  clear- 
ance at  each  end.  The  area  of  the  piston 
is  a  circle,  as  shown. 

It  might  be  well  to  state  here  that  if  the 
horse-power  is  to  be  found  accurately,  the 
area  of  the  piston-rod  is  subtracted  from  the 
area  of  the  piston,  and  this  difference  is  used 
as  the  value  of  A  for  the  crank  end.  If  no 
allowance  is  made  for  the  piston-rod,  the  cal- 
culation is  much  easier,  and  the  error  is  only 
about  2  or  3  per  cent. 
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In  case  tlic  canls  from  the  two  ends 
of  the  cyhnder  are  not  of  the  same  area 
(and  they  are  seldom  ahke),  tlie  two 
areas  may  he  averaged. 

An  Example 

Suppose  we  liave  an  enp^ine  of  the  fol- 
lowing' dimensions : 

Piston  12  iiiclies  in  diameter; 

Stroke  24  inches,  or  2  feet ; 

Revolutions  92  per  minute ;    or, 

Strokes    1.S4  per   minute. 
While  running  at  this  speed,  cards  were  taken ; 
these    cards    measured    5.36    and    5.^0    square 
inches,  and  were  3.72  inches  long.     A  40-pound 
spring  was  used.     Let  us  find  the  horse-power. 

The  average  area  of  the  cards  is  found 

by  adding  the  two  areas  and  dividing  by 

2.    Thus, 

5.36  +  5.30       10.66 

^ =  —^   =  5.33  sq.  m. 

We  know  that  the  mean  ordinate  is 
equal  to  area  divided  by  length  ;  or, 

5.33        ,  ,„  .     ^. 
-^  =  1.43  inches. 


3.72 


Xow.   if  one  inch=^40  pounds    (scale 
of  spring),  then 

1.43  X  40  =  57.2  pounds  =  P. 

The  length  of  the  stroke  ^  2  feet        /.. 
The  area  of  the  piston  is  equal  to  the 


area  of  a  circle   12  inches  in  diameter: 
12  X  12  X  .7854  =  113.097  sq.  in.  =   A. 
Since  the  engine  is  double-acting,  the 
number  of  strokes  jht  minute  e(|uals  the 
mmiber  of  revolutions  multiplied  ''^    j: 
92  X  2  =  184  strokes  =  A. 
We  now  midtii)ly  these  four  (juantities 
together  and  divide  by  33,000: 
57.2  X  2  X  113.097X184 

33,000  -<^.mi.  1. 

Let  us  see  what  the  difTercnce  would 
be  if  we  considered  the  piston-ro<l 

.Assume  the  rod  to  Ik-  .•        '  '  r. 

The  area  of  a  circle  21  «• 

2  X  2  X  .7S54  =  3.1416  xni.iir  niciK-.  I  hen 
the  area  of  the  piston  for  '''■  -  r.uik  end  would 
be  113.097  — 3'4»6  (=  I'  sq.  in.  I'sing 

this  value,  we  get  as  the  11  tm;  jKJWcr  for  the 
crank  eml : 

57.2  X  2  y  100.  O.'Wl    ■   92^    _ 

33,(>00 
In  the  preceding  calculation  we  aver- 
aged the  areas  of  the  diagrams,  and.  ac- 
cordijig  to  our   restdts,    we    C'  ■      '  -  -d 
each    end    to    develop    "^.^'^     I  ;) 

horse-power.  Xow  that  we  deduct  the 
piston-rod.  we  get  35-o'>+3^^o7  (=71.13) 

/.  If.  P.  for  the  engine:  or.  ,    -  — ms 

calculation  was  in  error  i.oi  li  ,         r, 

which  is  approximately  1.5  per  cent. 
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Blowing   Off   Steam 
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What  is  It? 

ABUZZ— a  whirr— 
A  cloud  of  dust — 
A  wild,  blood-cnrdling  yell — 
A  ghastly  object  flashing  by — 
Then  siler.ce — and  a  smell ! 


She  "Raised"  Him 

A  YOUNG  man  who  has  not  been  married 
long,  remarked  at  the  dinner  table  the  other 
day :  "My  dear,  I  wish  you  could  make  bread 
such  as  Mother  used  to  make."  The  bride 
smiled,  and  answ^ered  in  a  voice  that  did  not 
tremble:  "Well,  dear,  I  wish  you  could  make 
the  dough  that  Father  used  to  make." 


The  Defendant 

A  LAWYER  had  as  client  a  negro  who  was 
accused  of  stealing  chickens.  Things  were 
going  in  the  darkey's  favor,  until  he  was  placed 
on  the  stand. 

"Are  you  the  defendant  in  this  case?"  asked 

the  judge.  ,.    ,       .  ,  ,  ,     , 

"No,  sah,"  he  replied,  with  an  amazed  look 
on  his  face  and  pointing  to  his  counsel,  "dat 
man  over  dar.  he's  de  defendant;  I'se  de 
gem'an  wdiat  stole  de  chickens." 


The  Modern  Warrior 

The  following  is  from  an  essay  on  the  Jap- 
anese, written  in  the  recent  grammar-school 
examinations  by  a  lower-school  boy :  "Until 
recently  the  Japanese  used  to  fight  with  bows 
and  arrows,  but  now  they  are  equipped  with 
the  complete  arms  of  a  Christian." 


Absolved 

It  is  told  of  the  witty  old  French  abbe,  Pere 
Monsabre,  that  on  one  occasion  a  lady  sent  a 
message  to  him  just  as  he  was  entering  the 
pulpit,  that  she  must  see  him.  After  much 
beating  about  the  bush,  she  came  to  the  point. 
Vanity  was  her  besetting  sin,  and  only  that 
morning  she  had  yielded  to  the  temptation  to 
gaze  at  herself  in  the  mirror,  and  indulge  in 
the  thought  that  she  was  very  pretty.  Pere 
Monsabre  looked  at  her  steadily  for  a  minute ; 
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and  then,  in  his  soft,  musical  voice,  he  in- 
quired kindly :  "Is  that  all,  my  daughter?  Go 
in  peace.    For  to  make  a  mistake  is  no  sin." 


Shop  Talk 

"My  d..\rlixg,"  he  exclaimed,  rapturously. 
"How  brilliant  you  are !  You  fairly — er — 
bristle  with  ideas."  The  Chicago  girl 
drew  herself  up  to  her  full  height,  and 
brushed  him  haughtily  aside  as  she  swept 
out  of  the  room.  "You  seem  to  forget" — she 
turned  on  her  heel  at  the  door  and  faced 
him — "that  I  cannot  brook  any  reference  to  my 
father's  business." 


Her  Easter 

The  maid  servant  rushed  suddenly  into  the 
boudoir    with    a    seriously-sad   expression. 

"The  master  is  lying  unconscious  in  the  hall, 
ma'am,  with  a  large  box  beside  him  and  a 
paper  like  a  bill  crushed  in  his  hand." 

Mistress  :  "Ah  !  my  fifty-dollar  new  hat  has 
come.    Do  bring  it  up,  ]Mary !" 


No  Wonder  it  Bored  Bill 

Bill  had  a  billboard.  Bill  also  had  a  board 
bill.  The  board  bill  bored  Bill  so  that  Bill 
sold  the  billboard  to  pay  his  board  bill.  So, 
after  Bill  sold  his  billboard  to  pay  his  board 
bill,  the  board  bill  no  longer  bored  Bill. — 
Yale  Expositor. 

^* 

Diagnosis 

Dr.  Osler,  of  Baltimore,  was  once  called  to 
attend  a  woman  of  seventy  who  had  tried  many 
physicians  without  relief  to  her  aches.  Her 
husband  offered  Dr.  Osier  $ioo  to  tell  him 
what  ailed  his  wife. 

After  listening  to  a  few  details  of  his  pa- 
tient's illness  from  the  trained  nurse.  Dr.  Osier 
was  ushered  into  the  sick  room.  He  felt  the 
woman's  pulse,  listened  to  the  heart,  and  took 
the  respiration  after  the  approved  method. 
Then  he  went  downstairs,  where  the  husband 
was   anxiously  waiting  for  him. 

"The  trouble  with  your  wife,"  he  said,  as  he 
carefully  adjusted  his  gloves,  "is  that  she  is 
seventy  years  old.     That  is  all." 


BLOWISG  orr  err  nr 
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Go  Ahead 

'T""   S  well  to  look  before  yon  It-ap. 
1       lA'-.t,  Icapin;^.  you  should  fall; 
But  oftcutiuies  it  iloc^u't  pay 
Too  carefully  the  chauoe  to  \v^.■i^;h, 
Or  you  may  look  and  look  alway, 
And  never  leap  at  all. 

—Chat. 


"Aspire  to  greater  things,"  said  the  Nutmeg 

"Re  sharp  in  all  your  dealings,"  said  the 
Knife. 

"1-ind  a  good  thing  and  stick  to  it,"  said 
the  f  jiue. 

"Dii  the  work  you  arc  sooted  for,"  said  the 
Chimney. 


Characteristic 

An  ahsoht-nuMiUil  [irofcs'^or  was  one  day  ob- 
served walking  down  tlie  street  with  one  foot 
continually  in  the  gutter,  the  other  on  the 
pavement.  A  pui)il.  meeting  him,  saluted  him 
with  :  "Good  evening,  IVofessor.  How  are 
yon?"  "I  was  very  well,  1  thought,"  answered 
the  professor ;  "hut  now  I  don't  know  what's 
the  matter.  For  the  last  ten  minutes  I've 
been  limping." 

^* 

Forethought 

"Sometimes  I  wish. '  said  the  very  lazy  man. 
"that  1  liked  to  work,  so  it  wouldn't  be  so 
disagreeable  to  me  when  1  am  compelled  to 
do  so.  An<l  then  1  get  to  thinking  that  maybe 
if  1  liked  it  I  would  be  at  it  all  the  time,  and 
1  can't  bear  the  thought." 


Worm  Turn«» 

"Five  years  .iko  to mgiu,  Henry,"  r<  ■  1 

Mrs.   Peck,  who  hiippeiied  to  l>e  in  a  i 
cent    mood,    "you    asked    mc    to    say    the    one 
little   word   that    would   make   voti   happy    for 
life" 

"Ves,"  rejoined  Henry,  with  a  sigh  long 
drawn  out,  ""and,  womanlike,  you  had  to  go 
and  say  the  wrong  word." 


Heard  Alontf  the  Santa  Fe 

"MlKK,"  '^.iid  rioiidmg  I'ete.  "we're  giltm' 
left  agin  "  "What''^  the  matter?"  aske<l  .Mean- 
dering Mike.  "Well,  if  dese  railroads  gives 
rebates  to  fie  people  dat  i)ays,  us  f.  H.  r<  r!  it 
rides  free  ought  to  have  a  bonus." 


Force  of  Habit 

Smith. — "Why  is  Brown  carrying  his  arm 
in  a  sling?" 

Jones. — "Oh,  his  horse  kicked  him  and  broke 
it.  He  went  out  horseback  riding  the  other 
day  instead  of  taking  his  automobile;  and 
when  the  horse  balked,  he  got  off  and  twisted 
its  tail — from  force  of  habit,  you  know." — The 
Automobile. 


Equal  to  the  Occasion 

Employer. — Well,  look  here,  Jimmie.  this  is 
the  third  time  yon  have  asked  to  go  to  your 
grandmother's  funeral.  How  does  it  happen 
that  you  have  three  grandmothers? 

Offiie  Boy. — Well,  yer  sec.  one  uv  me 
grandmudders   wuz   twins. — Judge. 


Success 

"\Vh.\t  is  the  secret  of  success?"  asked  the 
Sphin.x. 
"Push,"  said  tlie  Button. 
"Never  be  led,"  said  the  Pencil. 
"Take  pains."  said  the  Window. 
"Always  keep  cool."  said  the  Ice. 
"Be  up  to  date."  said  the  Calen<lar. 
"Never  Io*e  your  head."  said  the  Beer. 
"Make  light  of  everything."  said  the  Fire. 
"Do  a  driving  business,"  said  the  Hammer. 


A  Sana  of  Work 

Qli.IT   up   de    kindlin' — 
*^     Plow  up  de  groun' ; 

No  use  ter  wait  'twel  de 

Worl'  turns  rotni'. 
Soon — too  soon  will  de 

Trumpet  soun' ; 
Go  ter  work,  believers! 

Take  in  de  joy  er  de  mawnin*  light : 

Foller  de  flag  in  de  stormy  fight ; 

Soon — too    soi>n    come    de    las'    long    night : — 

Go  ter  work,  believers! 

— Fkank  L.  Stanton  in  Atlanta  Constitution. 


Darkey  Wit  and  Wisdom 


Wlsixi.M.  in  Ir 
wi.se.  en  inakin' 


luue.  In  de-  ni  lookin' 
feller  ^aw  de  wood. 


W'en  you  meets  trouble  in  dc  bifc  road,  roll 
up  yo'  sieves  en  shake  Joy  down  out  dc  tree- 
tops. 

Satan  don't  go  roun'  in  .sheep's  clothin'  in 
dis  day  en  time.  He  dcs  follcrs  de  fashion, 
like  de  rest  of  'em. 

Dak's  "'k  tlMHij  rrrtain:  Judgin'  by  dc  ac- 
cidents cm.    dey    ain't    a    rich 

man   dat  II   es.  ,    n  ..    ,ntcr  hear •"   a  auto- 

moliilc. 

"De  reason  some  of  us  don't  git  along,"  <aid 
a  negm  j»l  '  '  r,  "is  dat  we  sits  down 
dreamin'    o;  ibiles    when    we    ortcr    be 

pushin'  a  whecl-barrer." 


Life   of  ^   SplasS^ 

A  COMPLETE  record  of  a  single 
splash  resulting  from  the  fall  of  a 
rough  steel  ball  into  water,  is  illustrated 
bv  a  series  of  remarkable  photographs 
taken  by  Arthur  C.  Banfield,  and  recently 
exhibited  by  him  at  the  Royal  Photo- 
graphic Society's  display  in  London.  For 
each  picture,  the  ball  was  allowed  to  fall 
into  the  fluid,  but  the  exposure  was  de- 
layed each  successive  time  by  an  increas- 
ing fraction  of  a  second.  The  exposures 
were  made  by  the  light  of  an  electric 
spark  lasting  between  ten  and  seventeen 
ten-millionths  of  a  second.  The  timing 
was  under  perfect  control.  By  the  use  of 
a  specially  designed  chronograph,  the 
ball  may  be  photographed  at  any  period 
after  its  release,  from  a  thousandth  of  a 
second  up  to  three  seconds. 

Thus  the  pictures  were  not  obtained  by 
the     ordinary     cinematograph     process, 


which  would  have  been  entirely  too  slow, 
but  by  a  refinement  of  the  process. 

In  the  second  photograph,  we  see  the 
steel  ball  half  embedded  in  the  fluid  (in 
this  case,  water),  to  wdiich,  for  photo- 
graphic reasons,  a  little  milk  has  been 
added.  We  notice  that  it  is  surrounded 
by  an  exceedingly  beautiful  ring  or 
sheath  of  fluid,  which  bears  on  its  outside 
edge  some  fine  fronds.  The  liquid  seems 
to  be  repelled  in  some  mysterious  way 
from  the  ball,  giving  the  surrounding 
ring  a  curl  outward.  No.  3,  photo- 
graphed one  two-hundredth  of  a  second 
later,  shows  the  coronet  at  its  best ;  the 
fronds,  or  spikes,  are  now  plainly  dis- 
cernible. Their  Hfe  is  a  very  short  one, 
owing  to  the  action  of  surface  tension, 
wdiich  may  be  described  as  the  steady 
pressure  of  the  elastic  skin  which  science 
assumes  all  fluids  to  possess. 

It  will  be  noticed  that  under  this  influ- 
ence our  fairy  coronet  quickly  loses  its 


Fig.  2.- 


Fig.  3.— .010s 


Fig.  5.— .06s. 


Fig.  6.— .065s. 


'^^^  ^^^^  "J?  ^""^aB  ^^^^A.  >4i^^l  '^H^H  jM 


Fig.  7.-0ns.  Fig.  8. -.095s.  Fig.  9.— .13s.  Fig.  10.— .18s.  Fig.  11.— .185s. 

STAGES  IN  THE  LIFE  OF  A  SPLASH  OF  WATER. 


Fig.  12.— .23s, 


Figs.  1  to  5  trace  the  fall  of  the  ball  into  the  fluid;    Figs.  6  to  12,  the  rise  of  the  column  of  fluid  and  the  beginning  of  the 

first  concentric  ripple. — The  numerals  following  the  figure  numbers  indicate  the  fraction  of 

a  second  expired  between  release  of  ball  and  taking  of  picture. 
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fronds.  In  the  fourth  photopfraph,  they 
have  nearly  disappeared,  being  discerni- 
ble only  in  the  form  of  tiny  spots  all  but 
invisible  in  the  reproduction.  The  base 
of  the  frond  has  thickened  into  the  form 
of  a  ■■K)be"  i)rojectin^  from  a  rim  of 
fluid  which  now  bears  the  appearance  of 
a  "crater"  rather  than  of  a  coronet.  In 
the  fifth  photograph  shown,  our  beauti- 
ful fairy  coronet  finally  becomes  a  mere 
ring  surroun<ling  a  hole  in  the  water,  of 
the  depth  of  which  the  picture  gives  but 
little  it  lea.     As  water  is  not  comprcssi- 


eiith  times  the  diameter  of  the  ball,  the 
hole  divitlcs,  ami,  owing  to  i'  •  d 

fluid  trying  to  regain  its  oi,^m..,i  >  ,c1, 
and  to  the  pull  of  the  clastic  lining  of  the 
hole,  a  pillar  shoots  up.  The  crater 
gradually   disai)pears  ami  d  into 

the  first  concentric  ri|)ple,  1..^^  ...iuiliar 
phenomenon  observed  when  a  stone  is 
thrown  into  a  pond.  As  support  wanes, 
gravitation  reasserts  itsrlf,  and  the  curve 
of  the  base  changes  from  cotv  '\ «  'o  con- 
vex. Finally  the  column  c  .  and 
falls  in  large  drops. 


CATTLE  KlLLliU  BY  LIGHTNI.NO  STROKli. 


ble.  it  follows  that  the  level  of  the  water 
in  the  vessel  nnist  have  risen  according  to 
the  size  of  the  hole. 

Mr.  P.anfield's  pictures  were  exhibited 
in  a  series,  every  one  numbered,  and 
reaching  from  No.  i  to  Xo,  32  ;  but  as 
there  is  very  little  difTerence  in  the  ap- 
pearance of  many  of  them,  we  have  de- 
cided to  omit  all  except  those  necessary 
to  demonstrate  the  most  important  stages 
in  the  record  of  the  sjdash. 

Although  there  is  very  little  alteration 
in  the  surface  appearance  between  Xos. 
10  and  12,  great  things  arc  happening 
down  below,  the  result  of  which  is  the 
emergence  of  the  jet  in  X<x  14  (I'ig.  ^>)- 
It  shoots  out  of  the  crater  with  great 
velocity,  and  although  the  extreme  tip 
can  just  be  seen  emerging  in  the  center 
of  Xo.  13  (Fig.  5).  the  jet  attains  the 
dimensions  shown  in  the  next  photograph 
in  one  two-hundredth  of  a  second. 

At  a  depth  equaling  three  and  one-sev- 


Strange  Efitect  of 
LigKining 

1  l(lIiT.\l\<i  in  Illinois  has  often 
'— '  performe<l  most  remarkable  feats 
during  the  autumn  moiUhs  when  the 
air  is  generally  uverch.uMd  with  elec- 
tricity ;  but  no  phenoni-  n  rcconl 
is  so  strange  as  the  one  that  recently 
occurred  near  IMainfield.  111.,  when  an 
entire  herd  of  twenty -eight  cows  was 
struck  down  in  an  instant  by  a  flash  dur- 
ing a  thunderstorm.  The  cows  liad  be- 
come  frightened  during  the  s*    1 

had  run  to  the  wire  fence  in  tb 
to  escape.  All  were  standing  av^ainst  the 
fence  when  the  lightning  striick  a  tnx*  to 
which  the  wires  of  '"  ''  •  at- 
tached. al>out  forty  i  die 
cattle  dropped  simult  'one  dead. 
without   quivering  a  muscle  after  their 

fall.    T        '  ■*■■ 

farm  li ■ r. 


...1  1... 
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and  caused  great  excitement  throughout 
the  district.  There  were  no  signs  of  the 
effects  of  the  Hghtning  on  the  fence,  and 
hence  it  is  beheved  that  the  cattle  were 
killed  by  what  is  known  as  the  "return 
stroke."  Persons  standing  near  a  con- 
ductor have  often  received  slight  shocks 
when  the  lightning  has  struck  some  near- 
by object.  The  conductor,  of  course, 
must  have  had  a  high  electrical  potential 
just  before  the  lightning  occurred,  which 
was  suddenly  reduced  to  an  enormous  ex- 
tent by  the  discharge.  Dark  streaks  were 
found  under  the  skins  of  the  cows  when 
the  hides  were  removed.  The  occurrence 
has  created  a  prejudice  against  wire 
fences  among  the  farmers  of  the  district 
where  the  accident  took  place. 

Every  autumn  brings  about  some 
strange  lightning  phenomenon  in  Illinois, 
which  State  seems  to  be  a  kind  of  radiat- 
ing point  for  the  tail  ends  of  all  storms 
that  occur  in  America — north,  south,  east, 
and  west. 

In  the  autumn  previous  to  this  accident 
at  Plainfield,  thirteen  persons  were  killed 
by  a  stroke  of  lightning  while  standing 
on  a  pier  fishing  in  the  lake  at  Chicago. 


Filter 

'T'HE  advantage  of  feeding  only  pure 
■'•  water  to  boilers  was  never  more 
realized  than  at  the  present  time.  With 
very  impure  water,  it  becomes  absolutely 
necessary  to  provide  some  means  for 
filtering  the  same,  as  well  as  to  remove 
the  scale-forming  matter,  since,  if  fed  to 
the  boiler,  it  will  cause  foam.hig  and  over- 
heating of  the  plates,  which  is  uneco- 
nomical as  well  as  actually  dangerous. 

Mr.  O.  L.  Stump,  of  Marion,  Ohio, 
a  student  of  the  American  School  of 
Correspondence,  has  made  some  experi- 
ments with  various  filters,  and  has  found 
that  the  one  illustrated  here,  which  is  his 
own  invention,  is  by  far  the  most  success- 
ful at  his  plant.  The  filter  is  installed 
in  a  Cochrane  heater.  From  the  figure 
it  will  be  seen  that  it  consists  of  a  tight 
partition,  placed  across  the  bottom  of 
the  heater,  which  serves  as  a  rest  for  the 
filter.  Angle-irons  are  then  securely  fas- 
tened to  the  inner  wall  of  the  heater  and 
in  line  with  the  top  of  the  partition,  ex- 
tending  a    little   above   the   water   line. 


s  Chemical  P/pe*      T 


''^^Sight  Glass 


To  Boi/er-  Feed.  Pump 


i}4 


Oil 
(Separator 


^Exhaust 
Inlet 

'Skimmer 
^-Drip 


fWash'Out 


'Blow-orr 


S  Was/7-Out 


NEW  TYPE  OF  FEED-WATER  FILTER. 
Invented  by  a  Student  of  the  American  School  of  Correspondence. 
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Across  these  anp^le-irons,  a  supportiiii,' 
^rate  .-/  is  laid  the  full  length  of  the  bc<l. 
Fhc  imisliii  filter  cluth  is  stretched  on 
l«>p  c)f  the  grate.  A  channel  grate  is  then 
fastened  on  toj)  so  that  it  provides  a  place 
for  tlie  next  cloth,  and  also  leaves  a  nuin- 
her  of  open  channels  running  from  top  of 
filter  to  bottom  B.  As  many  ch^ths  and 
grates  can  be  used  as  arc  neccssarv.   The 


'Ihe  inventor  claims  that  he  has  not 
only  increased  the  filtering  area  in  a 
heater  of  given  size  by  placing  the  filter 
on  an  incline,  but  has  also  increased  the 
amount  (jf  tillered  water  to  draw  from, 
and  has  increased  the  head  4  feet.  In 
actual  i)ractice.  tlic  original  filter  ha«l  to 
be  removed  and  cleaned  every  2j\  hours; 
but  the  improved  one,  it  is  claimed,  has 


W 


COSTELLO  CARBURETTKK. 


sediment,  which  is  precipitated  by  com- 
ing in  contact  with  the  exhaust  steam 
and  by  being  treated  with  Sorgc  chem- 
ical, is  stopped  by  the  filter,  and  through 
natural  causes  will  travel  to  the  lowest 
place,  at  the  blow-off.  whence  it  can  be 
removed  at  will.  If  any  scfliment  should 
pass  through  the  cloth,  the  second  cloth 
arrests  it.  anil  the  channel  provides  a 
ready  means  for  it  to  pass  to  the  blow- 
off.  A  perforated  pipe  is  placed  at  the 
top  of  the  filter,  and  connected  to  a  fresh 
water  supply,  so  that  the  filter  can  be 
flushed  at  any  time  if  necessary.  When 
the  water  has  been  pumped  from  the  fil- 
ter, flush  valve  C  is  opened,  as  is  also 
blow-off  valve  D. 


bren  in  successful  operation  for  six 
month>.  with  cleanings  onl>  every  two 
weeks. 


A  Nev*^  Carburetter 

'yillC     Costello     carlniretter.     the     in- 
^     vention     of     a     Chicago     man.     is 
attracting      consi<lerabIe      attetiti<»n      in 
the      Ka.st.  The      device      is      unicjue 

in  its  construction  and  meth<xl  of  carbur- 
ization.  It  posses.ses  the  usual  float  anfl 
needle  valve  to  maintain  a  constant  level 
of  the  gasoline  ;  but  in  the  making  amf 
regulation  of  the  mixture,  it  dei>arts  from 
usual  practice.     Mechanically  the  device 
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is  a  series  of  movements  designed  not 
only  to  regulate  the  amount  of  carbur- 
ctted  air  required  at  varying  speeds  of 
motors,  but  also  to  determine  the  amount 
of  fluid  contained  in  each  foot  of  air  car- 
burettcd.  There  are  twelve  mixing 
chambers  in  the  carburetter,  as  shown  in 
the  illustration,  but  the  plurality  of  cham- 
bers may  vary  in  number  according  to 
the  capacity  in  cubic  feet  required  by  the 
motor. 

.'Vir  is  taken  in  through  the  ports  in 
the  lower  cover,  the  twelve  tubes  being 
simply  mixing  chambers,  each  having  an 
individual  gasoline  nozzle  which  is 
threaded  into  a  hollow  stem  leading  from 
the  float- feed  chamber.  A  revolving  disc 
located  at  the  inlet  chamber  of  the  mixing 
chambers,  and  with  holes  of  the  same 
diameter  as  the  mixing  chambers,  is 
actuated  by  a  screw  on  the  outside 
housing  of  the  carburetter.  Back- 
ing this  screw  up  tends  to  close 
all  chambers  in  equal  degree.  In 
this  manner  the  air  velocity  is  increased 
or  decreased  to  suit  atmospheric  condi- 
tions. Spraying  nozzles  of  various  out- 
let capacities  are  needed  for  different 
motors.  Nozzles  from  .01  to  .02  inch  in 
diameter  have  proved  the  sizes  most  gen- 
erally required. 

Owing  to  the  arrangement  of  the  float- 
feed'  chamber  in  a  central  position,  going 
up  or  down  hill  does  not  starve  or  flood 
the  fluid  supply.  It  is  possible' to  raise 
the  fluid  supply  nozzle  about  one-half 
inch  above  the  constant  level  of  the  fluid, 
by  means  of  a  threaded  drip  stem  extend- 
ing from  the  base  of  the  fluid  chamber. 
This  adjustment  allows  for  the  satis- 
factory use  of  fluids  of  various  specific 
gravities.  By  unfastening  the  two  wing 
nuts  at  each  side  of  the  lower  cover,  the 
float-feed  chamber,  spray  nozzle,  and 
needle  valve  may  be  removed  and  in- 
spected. There  are  no  delicate  parts  to 
loosen  in  removing  the  base. 

The  upper  housing  contains  a  rotating 
valve  which  cuts  off  or  throws  into  the 
suction  of  the  piston  of  the  motor  one 
chamber  at  a  time.  This  valve  may  be 
set  to  leave  one,  two,  three,  or  four  cham- 
bers open ;  and  to  throw  itself  out  of 
commission,  being  then  locked  tight. 
With  one,  two,  three,  or  four  chambers 
open,  as  required — two  being  generally 


sufficient  —  and  the  multi-unit  valve 
locked,  a  damper  valve  on  the  outside  of 
the  carburetter  throttles  for  very  low 
speeds,  the  damper  being  left  open  just 
enough  to  keep  the  motor  running.  It 
is  thus  obvious  that  the  carburetter  is 
economical  in  allowing  any  desired  num- 
ber of  chambers  to  be  closed,  so  that  the 
extent  of  operation  of  the  carburetter  is 
gauged  by  the  needs,  and  the  gasoline 
and  air  cut  off  accordingly. 

A  "pickler"'  on  the  float  is  said  to  be 
unnecessary ;  and,  by  closing  the  multi- 
unit  valve  so  that  three  or  four  chambers 
are  open,  the  velocity  of  intake  is  strong 
enough  to  make  the  device  self-priming. 


DocTORiKG  A  Rattlesnake. 

A  DISEASE  which  frequently  afflicts 
*^  poisonous  snakes  is  cancer  in  the 
mouth.  It  can  be  cured  by  applying  a 
salve  to   the   diseased   portion,   but  one 


i 
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must  run  the  risk  of  Ijtinc:  l>ittcn.     An 
expert  snake-handler,  however,  can  g^rasp 
tlie  reptile  in  such  a  way    that  it  cannot 
rike  with  its  fanijs.    The  accompanyini^ 
I'hotoofraph   is  of  a  lars^^e  rattlesnake  in 
captivity,  heing-  held  so  that  it  is  harm- 
less while  the  attendant    waits    for    the 
lake  doctor  to  apply    the    salve    to   the 
mcer.     As  the  photograph    shows,    the 


quently  used  at  the  approaches  to  bn.lj<e 
draws. 

The  safest  plan,  of  course,  is  the  entire 
elimination  of  the  jjrade  crossing:  and  in 
many  cities  this  has  heen  succcssfullv 
carried  out.  Xot  only  is  safety  thus  as- 
sured, hut  the  delay  to  car  service  causrd 
hy  the  switchiTijj  and  slow  moving  of 
lone:  frcis:ht   trains  is  done  away  with. 


Suspension     Wire 


Trolley    Wire 


To    Pole    at  Curb 


^Dall     Insulator 


TROLLEY-GIARO  DESIGNED  TO  PREVENT  ACCIDENTS  AT  RAM. ROAD  GRADE  CROSSINGS. 


animal  is  p^rasped  just  hchind  the  head, 
and  the  thumb  and  tincfers  are  pressed 
upon  the  muscles  controllinsT  the  fangs, 
so  that  thev  cannot  be  moved. 


Nevy  Trollej^-Otaardl 

V.\RIOUS  methods  are  followed  in 
different  locations,  for  the  preven- 
tion of  accidents  at  grade  crossings 
where  electric  cars  cross  railroad  tracks, 
the  most  common  being  the  stoj^jiing  of 
the  trolley  car  at  a  short  distance  from 
the  track,  while  the  conductor  runs  ahead 
and  signals  if  all  is  clear.  The  derailing 
system  has  many  followers,  and  has  been 
in  use  for  several  years.  With  this  sys- 
tem, a  switch  with  a  short  curve  turning 
toward  the  curb  is  located  several  yards 
from  the  railroad  on  the  main  track  of 
the  electric  line :  unless  this  switch  is 
thrown  by  conductor  or  other  attendant, 
the  derailing  of  the  car  follows.  The 
switch  is  so  placed  that  a  good  view  of 
the  railroad  is  procurable  in  either  di- 
rection, and  wliile  not  infallible  has 
greatly  reduced  the  percentage  of  cross- 
ing accidents.     This  system  is  also  fre- 


Damage  suits,  too,  become  a  thing  of  the 
past. 

Steam  railway  companies  arc  some- 
times made  responsible  for  the  crossii;. 
operating  safety  gates  by  air  from  a 
tower  besitic  the  tracks.  The  tower  is 
so  located  and  is  built  with  such  an  ele- 
vation as  to  give  the  operator  in  charge 
of  the  gates  an  unobstructed  view  up 
and  down  the  tracks. 

In  spite,  however,  of  these  various 
precautions,  many  accidents  still  occur  at 
grade  crossings.  They  are  in  many  cases 
due  to  the  poor  condition  of  the  -"■■♦ 
railway  tracks,  resulting  in  the  tb;  ,; 

of  the  trolley  from  the  wire.  This  con- 
dition becomes  doubly  <'  at 
night,  when  the  car  is  plun;;.  ,  rk- 
ness.  It  is  to  overcome  the  I  to 
occurrences  of  this  kind  that  the  device 
shown  in  i'                                   "     •     •     - 

has  been  <\     .^:-     

inverted  \"-.^haped  trough  of  metal  cov- 
ering the  trolley  wire  where  it  crosses  the 
railway  tracks. 

The  sketch  illustrates  verv  cfmrly  this 
valuable  device,  which  can  b  ructed 

easily  and  at  a  mim'mum  e>  my 

street-railway    sy*  Tir  is 

used  with  entire  -  in  ma-  air 

larger  cities. — Arthur  H.  Wki 
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Section  of  Boiler  Tube  with  Cleaner. 


)Oil©ir' 


/^XE  of  the  principal  difficulties  oper- 
^^  ating  against  high  economy  of  steam 
boiler  operation  is  incrustation.  Even 
the  best-informed  steam  users  scarcely 
appreciate  the  extent  of  the  waste  due  to 
this  source.  From  experiments  it  has 
been  learned  that  a  scale  1-16  inch  thick 
will  interpose  so  much  heat  insulation 
between  the  iron  and  water  as  to  require 
12  per  cent  more  fuel  than  when  the 
boiler  is  clean ;  while  scale  34  i^ich  thick 
will  practically  double  the  quantity  of 
fuel  required  to  perform  the  same  duty. 
The  market  is  flooded  with  remedies 
good,  bad,  and  indifferent,  by  which  to 
combat  and  prevent  this  incrustation.  A 
very  excellent  way  to  remove  the  hard 
scale  when  it  has  once  formed  on  the 
tubes  is  by  means  of  hammer  cleaners. 

The  accompanying  views  illustrate  a 
machine  of  this  class,  devised  by  a 
manufacturing  company  of  Buffalo, 
N.  Y.  In  this  cleaner  the  motive  fluid  is 
applied  in  the  most  direct  manner,  thus 
insuring  the  greatest  speed  of 
piston.  The  double-acting  knock- 
er-rod is  firmly  secured  to  the 
piston ;  but  it  is  claimed  that 
the  travel  of  the  knocker-rod  is 
so  limited,  that,  although  it  is 
capable  of  exerting  a  sufficiently 
hard  blow  on  the  tube,  there  is 
practically  no  danger  of  punc- 
ture or  other  injury  from  its  use. 
The  construction  of  this  apparat- 
us makes  it  possible  to  operate 
the  machine  safely  at  boiler  pres- 
sure, thus  obviating  the  necessity 
of  using  a  separate  steam  gauge 
or  reducing  valve  to  lower  the 
pressure. 


For  obvious  reasons,  the  body 
of  the  machine  must  be  made 
considerably  smaller  than  the  in- 
side diameter  of  the  tubes ;  and 
this,  in  connection  with  the  rest 
of  the  construction,  necessitates 
some  means  of  accurately  main- 
taining the*  machine  in  the  axis 
of  the  tube.  This  is  accomplished 
by  two  sets  of  centering  lugs — 
one  ahead  and  one  back  of  the 
piston — which  are  forced  out 
against  the  inner  surface  of  the  tube  by 
steam  pressure. 

Results  of  tests  recently  made,  of  these 
hammer  cleaners,  show  that  a  light,  rapid 
blow  is  more  effective  in  removing  scale 
than  a  slow,  heavy  one,  and  is  also  less 
likely  to  injure  the  metal  of  the  tubes. 
An  actual  test  of  the  machine  illustrated 
shows  a  speed  of  3,000  strokes  and  up- 
wards per  minute,  according  to  the  pres- 
sure used. 

Undue  heating  of  the  tubes  operated 
on — which  would  introduce  a  factor  of 
considerable  danger  —  is  avoided  by  so 
using  the  steam  that  it  is  expanded  to 
such  a  point  that  its  temperature  is  only 
a  little  above  that  of  the  atmosphere. 


'X'HE  great  Northwest  abounds  in  nat- 
ural wonders.     One  of  the  many  in- 
teresting sights  near  Crater  Lake  Park, 


Section  of  Boiler,  Showing  New  Type  oi  Hammer  Cleaner  in  Use. 


SCIE.WCE   AND    l.WENTIOS 


.1" 


in  soutlicastcrn  Orejijoii,  is  the  Xatural 
i'.ri«ljj;c  over  the  R().i,aic  river.  It  is  located 
half  a  clav's  journey  beyond  Prospect,  or 
Koj^ue  Kiver  I'alls.  an<l  is  in  the  heart 
of  vhe  I'pper  Koo^ue  Sii.t::ar  I'inc  Re- 
serve.     The    rei;ion     abounds     in     ideal 
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campings  grounds,  and  each  summer  at- 
tracts lnmtin.tr  an<l  fishing  parties  from 
all  portions  of  the  West. 

The  Rogue  river  here  flows  through  a 
wide  canyon,  and  at  the  point  where  the 
bridge  stands  lava  rock  was  poured  out 
profusely  during  the  period  when  Mount 
Mazama    was   an   active    volcano — away 
back  in  the  dim  centuries  long  gone  by. 
This   lava    is   pomus   and    honeycoiubed. 
but,  instead  of  being  washed  away,  was 
cut  through  beneath,  thus  leaving  a  nat- 
ural ])ridge  above.    There  are  really  two 
bridges,  only  a  short  distance  apart,   (^ne 
is  a  low  structure,  rough  on  the  surface. 
A  wagon  could  not  be  hauled  across  it, 
though   it  is  being  used  continually  for 
horses,    sheep,    cattle,    and    pedestrians. 
The  other  bridge,  shown  in  the  accom- 
panving   illustration,   is  built   upon   per- 
fectJv  constructed  piers  and  arches,  keye.l 
and  set  as  if  put  in  place  by  human  nia- 
sons.     Above   the    rock   on   this  bri<lge. 
there  is  much   soil,  with  growing  hem- 
lock, spruce,  pine,  and  fir.     This  bridge 
spans  a  wild  and  turbulent  stream,  and  is 
one  of  the  natural  wonders  of  the  Sunset 
State. 


AMONG  the  pieces  of  ordnance  which 
have  been  tested  at  various  times  by 
the  Government  is  what  is  known  as  the 


<  iathmann    ilynamite    gun.      The    claim 
made  for  this  weapon  was  that  it  was  the 
greatest     engine    of     destruction    in    the 
World.      It   was  plaimed  and  constructed 
to  discharge  a  projectile   which   was  to 
contain    a   charge   of   gun-cotton.       The 
projectile   might  be  called   a   "land  tor- 
l>edo."  as  it  resembled  a  marine  torpedo 
in  shape  ami  was  thrown   from  the  gun 
b\   the  use  of  compres.sed  air.     The  |)ro- 
jectilc  itself  consisted  of  an  outer  shell 
of  steel  fille<l  completely  with  wet  gun- 
cotton,  separ.ited  fmm  another  charge  of 
dry  gun-cotton  by  a  steel  partition.      The 
gun  illustrated  in  the  accompanying  pho- 
tograph has  a  caliber  of  iH  inches;  and 
the   invintor  claime«l   that    it   would   <le- 
molish    the    heaviest    annor-plate    which 
could  be  constructed.    Tests  made  l)y  the 
Government,     however,     indicated     that 
when    the    missile    struck    the    target    its 
force   was   so  distributed    that    but    little 
impression  was  made  on  the  target — in 
fact,  less  than  that  prrxluced  by  the  im- 
pact   of   a    projectile    from    an    onlinary 
gun  of  much   smaller  calibir.      I'i'r  this 
reason    the    gim    was    rejected    by    the 
Inited   States  (jovernment   for  its  .serv- 
ice. 

The  experiments  were  made  with  the 
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enormous  charge  of  rioo  pounds  of  gun- 
cotton— as  great  a  charge  as  is  placed  in 
large  submarine  mines. 

We  might  note  that  up  to  the  prr-^ent 
but  little  j)ractical  success  has  attemled 
the  manv  attempts  that  have  l)ccn  made 
to  adapt'  dynamite  to  use  in  projectiles. 
The  experiments  represent  vast  but  .so 
far  apparently  vain  expenditures. 


./  Review  of  Articles  of  Special  Interest  Aff  earing  in  the  Current  Technical  Press 


Road  Wheels  for  Mechanical  Vehicles 

Wheels  may  be  classed  among  the 
oldest  of  mecb.anical  devices,  and  we  have 
been  so  long  accustomed  to  them  that  the 
importance  of  the  part  they  play  in  all 
forms  of  traction  is  not  generally  ap- 
preciated. Gassier  s  Magazine  (April) 
contains  an  article,  by  R.  G.  L.  ]\Iark- 
ham,  in  which  the  author  considers  the 
various  types  of  wheels  in  general  use, 
and  points  out  some  of  the  conditions 
necessary  for  a  perfectly  satisfactory 
wheel.  The  first  notable  improvement  in 
the  construction  of  light  vehicle  wheels 
was  the  rubber  tire,  which  was  first  made 
solid  and  cemented  to  the  rim.  Next 
came  the  introduction  of  pneumatic  tires. 
These  were  adopted  more  for  the  sake  of 
comfort  than  from  necessity,  but  it  is  ap- 
parent that,  without  these,  speeds  would 
never  have  increased  as  they  have.  With 
the  introduction  of  motor  vehicles,  in- 
ventors devoted  most  of  their  attention 
to  the  mechanism,  and  the  wheels  were 
largely  ignored.  \A"e  therefore  find,  es- 
pecially in  the  case  of  heavy  vehicles,  that 
the  wheels  have  not  kept  pace  with  the 
rest  of  the  equipment.  The  writer  lays 
down  several  general  conditions  which 
must  be  met  in  the  construction  of  a 
satisfactory  driving  wheel  for  motor 
vehicles  ;  and  a  number  of  different  types 
of  special  wheels  are  analyzed,  showing 
the  extent  to  which  these  conditions  are 
met.  Some  of  the  requirements  in  the 
case  of  wheels  for  very  heavy  vehicles, 
result  in  producing  a  wheel  of  rather  re- 
markable proportions.  According  to 
some  investigations  carried  on  in  London 
by  a  special  committee,  it  was  recom- 
mended that  for  a  maximum  axle  load  of 
8  tons,  with  a  wheel  3  feet  in  diameter, 
the  width  of  tire  should  be  about  10^ 
inches.  It  appears  that  the  increase  in 
diameter  of  the  wheel  has  more  eflFect 
than  the  width  of  tire  in  preventing  dam- 
age to  the  road.     The  article  concludes 
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with  descriptions  of  some  novel  types  of 
very  heavy  wheels  which  have  been  used 
on  various  types  of  traction  engines. 


Proposed  High-Speed  Electric  Railroad 

A  MODERN  high-speed  electric  railroad 
proposed  between  Paterson,  N.  J.,  and 
New  York,  is  described  in  the  Railroad 
Gazette  (March  17).  The  road  will  be 
double-tracked  and  rock-ballasted,  and 
will  have  all  grade  crossings  eliminated. 
It  will  run  through  Passaic,  Rutherford, 
across  the  Hackensack  IMeadows,  to 
Bergen  Hill,  from  which  point  it  will 
pass  through  a  tunnel  4,900  feet  long  to 
its  A\^eehawken  terminal  at  the  West 
Shore  ferry  opposite  44th  Street.  From 
this  point,  passengers  will  be  taken  to 
New  York  by  the  W^est  Shore  ferry- 
boats, and  landed  at  either  42d  Street  or 
Franklin  Street.  The  total  length  of  the 
line  will  be  13.6  miles,  of  which  three 
miles  will  be  elevated,  including  portions 
in  Passaic,  Paterson,  and  Rutherford. 
This  road  will  compete  with  the  Erie,  the 
distance  by  which  would  be  17  miles,  and 
with  the  New  York,  Susquehanna  & 
Western,  over  which  the  distance  would 
be  26  miles.  The  cars  will  be  of  steel, 
operated  by  the  third-rail  system,  simi- 
lar to  those  used  in  the  New  York  sub- 
way. It  is  proposed  to  run  eight  six-car 
trains  per  hour  between  6  A.  M.  and  8 
p.  M.  The  time  of  express  trains  be- 
tween terminals  is  estimated  at  20  min- 
utes ;  that  of  locals,  at  30  minutes.  The 
company  has  three  corps  of  engineers  in 
the  field,  and  it  is  expected  that  actual 
work  will  begin  wathin  five  months. 


Car  Lighting  and  Ventilation 

The  Street  Raihvay  Journal  (March 
25)  contains  an  interesting  article  on  the 
subject    of    lighting   and    ventilation   of 
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cars,  In-  Mr.  John  1'.  Fox.    These  topics 
are  of  interest  to  almost  every  one,  wliich 
is  evidenced  In-  the  fact  that  in  quite  a 
nuinhcr  of  cities  laws  have  been  passed 
rcs^ula.in^  the  ventilation  of  street  cars. 
In      Fnjjjland,     much      nitiic      attention 
has     been     paid     t(»     the     ([uestion     of 
efficient     and     artistic     lijjhtinjx    <'f    ear 
interiors     than     in     this     country.      The 
u.se    of    frosted    lamps,  colored    shades, 
pear-shaped     .globes,     and     jirisms,     or 
cut-c^lass     p^lohes.     has    j)rove«l     to    add 
materially  to  the  (piality  of  interior  car 
li<,ditinj;-.  and  at  the  same  time  has  proved 
an  economy  tt)  the  <)i)eratin<^  companies, 
for  the  reason  that  fewer  lamps  need  to 
be  used,  and  with  better  effect.     As  our 
electric  cars  grow    more    luxurious    in 
their  a])pointments,  and  as  lonj^-distance 
riding  increases,  retinements  in  the  light- 
ing svstem  will  not  only  con<luce  to  the 
comfort  of  passengers,  but  will  tend  to- 
ward  economy   of   current    consumption 
for  the   cars.     The  question  of   heating 
and  ventilation  has  always  proved  a  diffi- 
cult   one.    especially    i luring    extremely 
cold  weather;  and  it  is  doubtful  if  any 
perfectly  satisfactory  scheme  of  heating 
and  ventilating  cars  can  be  devised  which 
will  fill  all  re(iuirements  of  travel  during 
rush-hour.       Klectric    fans    are    recom- 
mended as  the  only  sure  device  if  down- 
ward ventilation  is  desired,  and  the  ad- 
dition of  one  or  two  fans  would  not  add 
materially  to  the  complication  of  a  mod- 
ern car.     Some  exiieriments  are  quoted 
which  go  to  show  that  it  takes  consider- 
ably less  current  to  heat  a  car.  if  part  of 
the  heating  current  is  diverted  to  a  fan 
bltnving  outside  air  through  the  he.'iters. 
Some  foreign  car-ventilating  methods  are 
also  described  and  illustrated. 


Electric  Power  in  Factcirics 

Mr.  a.  \V.  Hk.v.shaw  has  an  article  on 
this  topic  in  lUcclrical  World  and  lint^iii- 
ccr  (.March  i8).  The  i)rincipal  advan- 
tage pointed  out  in  the  system  described, 
is  the  ability  to  transmit  j)ower  to  great 
distances  and  to  various  localities,  this 
making  the  system  particularly  applica- 
ble in  case  of  an  available  water  power 
in  the  vicinity,  but  at  too  great  a  distance 
for  the  mechanical  transmission  of  power. 
Also,  it  is  cheaper  to  generate  power  a 
long  distance   from    the    factory,    even 


when  coal  is  used,  if  the  expense  of  get- 
ting the  fuel  to  the  factory  is  consider- 
able, as  in  the  case  of  metal  mines.  .\n- 
other  important  item  to  be  considered  is 
the  saving  «)f  waste  power  ilue  to  friction 
of  belts,  bearings,  gears,  etc.  This  fric- 
tion loss  in  the  case  of  mechanically 
driven  shops,  ranges  from  20  to  ()0  per 
cent  of  the  total  |)ower.  Another  a<l- 
vantage  of  the  electric  system  is  the  ease 
with  which  individual  control  can  be  ob- 
taineil,  by  thrcnving  single  generators  or 
motors  into  the  circuit  as  desired.  The 
system  also  allows  the  omission  of  nearly 
all  belts  and  shaft-hangers  which  are 
coiuuKJuly  used.  Still  another  ad vant.u 't- 
is that  the  power  developed  by  any  n 
can  be  measured  with  the  greatest  ease 
and  with  absolute  accuracy;  and,  by  use 
of  the  voltmeter  and  annneter,  or  of  a 
recording  wattmeter,  the  factory  man- 
ager can  keej)  very  close  watch  of  what 
is  being  done.  Wirious  metho(ls  are 
employetl  for  connecting  a  motor  to  the 
machine  or  shaft  which  is  to  drive,  those 
most  commonly  in  use  being  direct  con- 
nection, gearing,  belting,  or  the  chain 
drive,  depending  upon  conditions.  In 
large  factories,  440  to  550  volts  is  the 
pf)tential  most  commonly  employed  ;  and 
in  small  factories.  220  volts. 


Use  of  Pacific    Coast  Water    Powers   in 
Electrical  Operation  of  Railrondb 

T.N  the  March  issue  of  The  Journal  of 
lilcctrii-ity,  lUwcr  &  Gas,  Mr.  Robert 
McI-".  Doble  conmiences  a  discussion  on 
this  subject.  The  article  was  originally 
a  paper  read  before  the  Pacific  Coast 
Railway  Clul).  and  has  been  revised  for 
the  Journal  by  the  author.  The  advan- 
tages of  electrical  over  steam  traction  arc 
discussed  under  three  general  heads— 
namely,  advantages  that  appeal  to  the 
passenger,  and  which  result  in  increased 
traffic ;  advantages  relating  to  the  op- 
eration of  trains  from  a  central  sotirce  of 
power ;  and  economies  in  (••  '  -  -t.  main- 
tenance, and  o|)erating  exi  In  the 
course  of  the  article,  a  comparison  is 
made  between  a  number  of  steam  locf>- 

motives   of    ''•'"• '  " -s   and    .several 

electric  locoi  have  recently 

come  into  use ;  and  the  author  concludes 
that  while  the  steam  locomotive  is  fast 
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reaching  the  niaxiniuni  Hmits  of  its  pos- 
sibiHties,  the  electric  locomotive  is  in  its 
early  stages  of  development,  and  not- 
withstanding its  favorable  comparison 
with  the  old-style  locomotive,  its  possibili- 
ties have  not  yet  been  nearly  reached. 
The  author  believes  that  the  conditions  in 
California  are  particularly  favorable  to 
the  development  of  electrically  operated 
railroads,  for  the  reason  that  available 
water  powers  are  distributed  at  frequent 
intervals  all  the  way  from  southern  Cali- 
fornia up  into  British  Columbia.  Only  a 
very  small  portion  of  these  water  powers 
have  been  developed ;  but,  even  with  the 
stations  now  operating,  and  the  present 
transmission  systems  carrying  power 
through  the  central  part  of  the  State,  it 
is  thought  that  at  least  some  of  the  rail- 
roads could  be  profitably  operated  by 
electricitv. 


Parallel  Operation  of  Dynamos 

In  the  American  Electrician  (March), 
Mr.  Lamar  Lyndon  discusses  "Parallel 
Operation  of  Dynamos  Having  Dififerent 
Characteristics."  The  matter  of  running 
several  unlike  compound-wound  ma- 
chines in  parallel  is  very  important,  and 
this  discussion  throws  light  upon  several 
rather  hazy  points.  First,  the  method  of 
adjusting  the  compounding  by  shunting 
the  series-field  of  a  single  machine  oper- 
ating alone,  is  shown  by  means  of  a 
sketch.  It  is  then  explained — also  by 
means  of  a  sketch,  and  very  clearly — 
why  it  is  impossible  to  adjust  compound- 
wound  machines  by  means  of  series-field 
shunts  when  several  of  them  are  connect- 
ed in  parallel,  because  a  shunt  over  the 
series  coil  of  any  one  machine  is  in  effect 
connected  between  the  equalizer  and,  say. 
the  positive  bus  bars,  so  that  it  forms  a 
shunt  across  all  the  series  coils.  It  is 
shown  that  the  drop  through  any  -series 
winding  mvist  be  the  same  as  that  of  each 
of  the  others  for  any  given  load,  regard- 
less of  size  or  capacity  of  machine. 
Therefore,  in  parallel  operation,  series- 
field  shunts  serve  only  to  pass  the  gener- 
ator current  in  excess  of  that  carried  by 
the  series  coil,  and  are  in  no  sense  volt- 
age adjusters  of  individual  machines  with 
reference  to  others.  A  definite  case  is 
taken  up,  of  paralleling  several  alter- 
nators having  diiTerent  characteristics,  in 


which  the  proper  drop  to  be  allowed 
between  the  positive  and  the  equalizer 
bus  bars  is  determined. 


New  York's  Fire-Protection  Water 
System 

Pl.\ns  are  now  under  way  for  a  high- 
pressure  water  service  for  fire  protection 
in  New  York's  drygoods  district,  similar 
to  the  system  now  installed  in  Philadel- 
phia and  a  few  other  cities.  Details  will 
be  found  in  The  Engineering  Record 
(March  25). 

At  the  present  time  there  are  about  80 
fire  engines  in  Manhattan  and  the  Bronx, 
having  a  total  pumping  capacity  of  20,000 
gallons  per  minute.  Within  the  area  men- 
tioned, it  is  proposed  to  lay  mains  and 
erect  two  pumping  stations  with  a  capac- 
ity of  30,000  gallons  per  minute,  but  capa- 
ble of  being  increased  to  48,000  gallons 
per  minute.  A  good  idea  of  the  capacity 
of  the  proposed  works  can  be  obtained 
from  these  figures. 

The  stations  will  be  entirely  of  fire- 
proof construction,  and  of  sufficient  size 
for  eight  pumping  units  at  each  station. 
For  the  present,  however,  the  system  will 
consist  of  five  units.  The  pumps  are  to 
be  of  the  centrifugal,  multi-stage  type, 
direct-driven  by  electric  motors.  Each 
stage  of  the  pump  can  increase  the  pres- 
sure abotit  50  pounds,  and  a  six-stage 
pump  is  required  for  300  pounds'  pres- 
sure, this  insuring  a  pressure  of  250 
pounds  per  square  inch  at  the  base  of  the 
hydrant. 

T-he  general  piping  scheme  is  to  have 
24-inch  discharge  mains  leading  from 
each  station.  These  mains  bound  almost 
the  entire  area  to  be  protected,  and  con- 
nect one  station  with  the  other.  By  fre- 
quent cross-connections,  the  water  has  to 
travel  only  a  short  distance  through  a 
main  smaller  than  20  inches  before  it 
reaches  the  hydrant  from  wdiich  it  is  to  be 
drawn.  L'ncler  the  proposed  plan  the 
hydrants  are  always  within  400  feet  of 
any  building  in  the  district.  There  are 
sufficient  hydrants,  so  that  if  any  block 
were  on  fire,  60  streams  of  500  gallons 
per  minute  each — or  the  equivalent  ca- 
pacity of  120  fire  engines — could  be  con- 
centrated on  a  block  with  a  length  of 
hose  not  exceeding  400  to  500  feet. 
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The  system  of  mains  has  hecn  so  <Jc- 
sijj^ned  tliat  it  can  be  used  for  street-clean- 
in}^  purposes,  hut  special  care  has  heen 
exercised  to  avoid  any  reduction  in  the 
efficiency  of  the  system  from  the  fire 
standpoint.  The  street-clcanincf  hydrant 
is  entirely  separate  from  the  hi^h-i)res- 
sure  fire  hydrant.  The  design  of  this 
hvdrant  is  such  that  tiie  sup|)ly  of  water 
will  be  cut  otT  from  it  when  the  pressure 
in  the  main  rises  above  about  70  pounds. 
This  protection  is  necessary  to  j)revent 
injury  to  the  men  in  the  street-cleaninp 
gangs  when  at  work  sprinkling  or  flush- 
ing, if  the  pressure  is  suddenly  raised 
without  warning. 

It  is  proposed  to  use  telephone  boxes 
similar  to  the  system  in  use  by  the  Police 
Department,  so  that  a  fire  in  any  part  of 
the  district  can  he  watched  from  at  least 
one  of  them,  and  orders  transmitted  to 
the  engineer  at  the  pumping  station  re- 
garding the  requisite  j)rcssure  and 
amount  of  water. 


Line   Construction    for     High-Pressure 
Electric  Railroads 

A  PAPER  from  Mr.  George  A.  Damon 
forms  one  of  the  most  important  items 
in  the  March  Procccdiiii^s  of  the  Ameri- 
can Institute  of  Klectrical  Kngincers.  It 
includes  a  brief  record  of  what  has  been 
accomplished  in  line  construction,  and  a 
statement  of  the  rcciuiremeiits  and  diffi- 
culties of  operation  in  order  to  obtain 
|)ermanent  insulation  at  reasonable  cost, 
safety  to  public,  and  reliability  in  serv- 
ice. The  subject  is  divided  under  three 
heads — namely,  moderate-specil  and  in- 
expensively equii)pcd  electric  lines  for 
country  districts  ;  high-spee<l  interurban 
roads  for  service  between  large  centers 
of  population ;  electrification  of  steam 
roads.  An  interesting  maj)  is  given, 
which  shows  at  a  glance  the  mileage  of 
railroads  in  operation.  un<ler  construc- 
tion, and  proposed.  The  details  of  con- 
struction of  several  high-pressure  trolley 
roads  already  in  operation,  are  discussed. 
The  single-phase  lines  now  in  operation 
in  this  country  have  3.300-volt  trolleys, 
and  it  has  been  decided  to  use  this  pres- 
sure for  several  lines  under  construction. 
It  is  suggested,  however,  that  it  might  be 
advisable  to  consider  the  use  of  a  6.000- 
volt  pressure.     For  the  electrification  of 


steam  road>  .1  jicssure  of  about  15.000 
volts  ior  the  conductor  wire  seems  dc- 
sinible. 


An  Air-Resistincf  Dynamometer  Cir 

Tin:  l-.lectrical  Railway  lest  Commis- 
sion appointed  by  the  authorities  of  the 
Louisiana  Purchase  Exposition,  has  been 
conducting  investigations  in  electric  rail- 
roading for  nearly  a  year.  These  investi- 
gations are  described  in  liiti^iiwt'rini^ 
A  «ti'j  (.March  23).  Perhaps  the  most 
interesting  of  the  tests  are  being  made  on 
the  lines  of  the  Indiana  I'nion  Traction 
Company. 

This  is  a  series  of  tests  with  a  dyna- 
mometer car.  in  order  to  determine  the  re- 
sistance ofTered  by  the  air  to  the  motion 
of  cars  at  high  speed.  To  accomplish 
this,  a  special  dynamometer  car  has  been 
fitted  up,  consisting  of  a  flat  car  mounted 
on  double  trucks,  on  which  is  placed  an 
inflcpcndent  car  l)o<|y  so  mounted  on 
wheels,  which  move  on  a  track  fastened 
to  the  flat  car.  that  for  practical  pur- 
po.ses  there  is  no  friction  between  the  car 
body  and  the  flat  car  floor. 

There  is  also  a  separate  arrangement 
of  the  vestibule,  so  that  experiments  can 
be  made  with  vestibules  of  diflFerent 
types.  The  resistance  is  measured  by 
scale  beams,  and  also  by  a  spring  balance  ; 
ami  it  is  possible  to  measure  head  and 
rear  resistances  separately.  Besides 
measuring  air  resistance,  the  sf>eed  of  the 
car  and  the  <lirection  and  vehnMty  of  the 
wind  are  al.so  determined  very  carefully. 

The  tests  of  the  "Louisiana."  as  this 
car  has  been  named,  will  be  c«Mitinucd 
until  sufficient  data  are  at  hand  to  «leter- 
minc  the  resistance  of  <liflfercnt  .shapes 
of  car-front  for  all  speeils  reached  by 
modfrn  interurl-oi  <•.•r>^  nn  f<.  ~ri  mitis 
per  hour. 

New      Ferryboats     for    Sin      hrinclsco 
Harbor 

The  demand  for  15-minute  f'  rv- 

ice  between  ()aklan<I  and  .*^an  1 
a  distance  of  three  miles,  has  I- 
contract  for  two  fcrrylx^ats  of  a  some- 
what novel  pattern,  which  are  descril)cd 
in  Marine  /       '•    rriiti:  (  March ^. 

One  peci:  tture  alnnit  these  boats 

is  that  teams  will  not  be  carried,  provision 
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being-  made  simply  for  passengers.  This 
has  resuhed  in  an  odd  arrangement  of 
seats,  as  shown  by  the  main  deck  plan. 
Extending  along  the  center  line  of  the 
vessel,  will  be  a  restaurant  and  galley  and 
a  barber  shop,  it  being  estimated  that  a 
man  will  have  just  about  time  for  a  shave 
during  the  passage.  Experiments  have 
shown  tliat  the  smallest  interval  of  time 
which  can  be  allowed  for  in  the  slip,  is 
about  332  minutes;  and,  as  there  are 
only  two  of  the  boats,  this  makes  it 
necessary  that  the  trip  should  be  made  in 
from  TO  to  iiYz  minutes.  For  accom- 
plishing this  result,  the  boats  are  capa- 
h\e  of  a  maximum  speed  of  17  miles  per 
hour,  and  of  a  very  high  power  of  ac- 
celeration. 

There  is  one  double-compound  engine 
having  two  high-pressure  cylinders  20 
inches  in  diameter,  and  two  low-pressure 
cylinders  42  inches  in  diameter,  the  com- 
mon stroke  being  28  inches.  This  engine 
actuates  a  shaft  carrying  a  screw  at  each 
end  of  the  ship.  The  working-  pressure 
is  160  pounds  per  square  inch.  Under 
these  conditions,  the  revolutions  would 
be  about  150  per  minute;  and  the  indi- 
cated horse-power,  about  2,000.  The 
two  boilers  are  Babcock  &  Wilcox  type, 
designed  for  a  working  pressure  of  200 


pounds  per  square  inch.  The  tubes  are 
of  2-inch  and  4-inch  diameter.  The  boil- 
ers are  fitted  for  burning  fuel  oil,  which 
is  carried  in  two  tanks,  as  shown  in  the 
inl)oard  profile.  The  combined  capacity 
of  the  tanks  is  about  5,000  gallons.  The 
oil  is  pumped  to  the  furnace  by  a  double 
pumping  system,  consisting-  of  two  Blake 
horizontal  duplex  pumps.  Steam  will  be 
used  for  atomizing  the  oil. 

The  boats  are  lighted  by  electricity, 
generated  by  two  direct-coupled  '  sets 
having  an  output  of  15  kilowatts  at  no 
volts. 


De  Forest  Wireless  Telegraphy 

It  is  reported  in  the  Raihvay  and  En- 
gineering Review  (March  18),  that  the 
large  steel  tower  built  and  operated  at 
St.  Louis  by  the  De  Forest  Wireless 
Telegraph  Company  wall  be  erected  on 
the  grounds  at  Purdue  University  at  La- 
fayette, Indiana.  The  tower,  wdien  ready 
for  operation,  will  be  under  the  direction 
of  the  professor  of  Telephone  Engineer- 
ing, wdio  will  use  it  for  an  elaborate  series 
of  experiments,  among  which  will  be  the 
attempt  to  communicate  with  moving 
trains. 


Business  or  a  Profession? 

Which.  Offers  the  Greatest  Rewards  to  the  Young  >lan  To-day? 


By  DR.  HENRY  5.  PRITCHETT 

President,  Massachusetts  Institute  of  Technolojry 


I 


AM  ASKED  whether  a  business  or 
a    professional    career    offers    the 


greater 


rewards  to  a  young  man. 
This     question     cannot    be    an- 
swered categorically.    In  business  no  less 


From  Chicago  Tribune,  December  ii,  1904. 


than  in  the  professions,  the  stress  of  com- 
petition is  becoming  each  year  harder. 
To  obtain  in  either  a  high  place,  requires 
ability,  energy,  and  initiative  of  a  high 
order.  The  man  who  has  these  qualities 
will  get  his  reward,  vv^hether  he  choose 
one  career  in  life  or  another,  and  the 
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estimate  as  to  whicli  reward  is  the  j^reatcr 
will  always  involve  a  larj^c  personal  e(|ua- 
tion.  There  is  no  absolute  standard  of 
rewards. 

Tile  g^reat  hulk  of  nicn,  however,  • 
-i\s<;  these  cjualities  in  moderate  dci;;-. 
For  the  averajjc  man.  success  in 
l)usiness  will  mean  a  modest  living  and 
.1  comparatively  uninterestinj^  life.  I'aith- 
lulness  and  attention  t(^  business  are  not 
enoup:h  to  i^et  one  further  than  a  motlest 
clerkship. 

In  the  ordinary  professions — ilie  law, 
medicine,  the  Church — mediocrity  means 
also  a  moderate  reward.  In  such  cases 
the  choice  of  a  profession  oui^ht  to  depend 
in  some  measure  on  the  value  of  a  man's 
work  to  the  comnnmity. 

Law  and  medicine  contribute  in  the 
main  to  what  one  mig^ht  call  the  ])assive 


M'ic  I'l  1':  .n.      i  Id  to 

the  wcahi.     .     ..e  prod of  a 

nation.     It  seems  to  nic,  thi  thr^t 

a  man  whose  abilities  warrant 

tion  of  otdy  in    '      *  c 

may  anticip.ii«  .  ..,  ,    ..       i* 

interesting  c  hij),  and  a  lar^;cr 

measure  of  usetuhiess  in  the  worUl  by 
entering-  a  profes.sion  which  '        s 

positively  to  the  ti.  uit  or  \' .   a 

nation.    Such  pi  ns  are  those  of  the 

enj^ineer.  the  arcluiect.  the  chenn'st,  and 
the   teacher.      In   thesr.   moral  e* 
will  count  as  nnicli  as  in  the  « 

There  are  few  men,  however,  who 
have  the  clearness  of  vision  to  \( 
selves  in  the  face  and  adnn't  thm  •  ■  ii- 
ocrity.  Such  ability  would  arp;ue  a  mind 
of  such  rare  quality  as  to  put  liim  out  of 
the  class  of  the  averaj^je. 


Dinner-Pail  Philosophy 


C  Great  thoiiglits  hallow  any  labor. 

C  The  sun  shines  for  all — who  Rct  tl^  early 

C  Love  gives  no  license  to  dispense  with 
cuurtesy. 

C  Any  man  can  make  a  fool  of  liimscif  by 
trying  to  act  smart. 

C  We  have  all  heard  of  the  man  who  was 
killed  by  kindness— bnt  tlic  proof  is  lacking. 

C  In  Adam's  day.  woman  was  merely  a  side 
issue,  but  at  the  present  writing  she  is  pretty 
much  the  whole  show. 

C  There  are  period.'^  in  almost  every  m.in'> 
career  when  lie  would  rather  have  a  lie  told 
about  him  than  the  truth. 

C  Our  real  measure  of  ability  and  willingness 
is  in  our  doing  the  little  that  we  can  do,  and 
not  the  great  deal  that  we  would  like  to  do. 


C    i  lie  stlt-sali.slicd  met]  u>  1m;  shurlMKUlt!: 

C  There  are  no  buffet  cars  on  a  train  of  dis- 
asters. 

C  The  friend  that  docs  not  help  \\%  hlRhcr  ii 
not  worth  having. 

C   Nothing  pIcaM-s  a  littl-  '"  ■"  -■"  iiiiicfi  a*  a 
chance  to  sling  mud  at  a 


C  If  ■■' 

settle  ' 

can  settle  up. 


.,:,T  T, 


■in 


C  Circunistnnce<(— th*»  man  of  (rmiii*  r; 
them;    lh»  I 

looks  at  t' 

€L  l-ots  of  folks  I< 

minds  and  souli,  nglu  here  aiiU  nww,  w:i:;Qut 
price. 


384 


THE   TECHNICAL    WORLD 


LUNK  ENHEI MER 

STEAM  WHISTLES 


Heard    Everywhere 

Produce  Loud,  Clear, 
Harmonious    Sounds 


We  also  manufacture  a  full 
line  of  Iron  and  Brass 
valves,  Hydrostatic  and 
Mechanical  Lubricators, 
Oil  and  Grease  Cups, 
Cocks.  Waters  Columns, 
Injectors,      Fittings,      etc. 


LUNKENHEIMER     COMPANY 

l.aru-est    ^lanufiicturi-rs  of  Enelnperiiig    Specialties    in    the    World 

Main  Offices  and  Works:  CINCINNATI,  OHIO.  U.  S.  A. 

"Branches: 

Nei.  York:   •-•(;  ('.■rtlaiid  St.  Londuii:    S.j  Gre»t  Uover  St. 


The  Importance 
of  Knowing  Exactly 


What  your  labor  on  a  job 
costs  cannot  be  over-esti- 
mated. The  use  of  the 
Perry  Time  Stamp  in  re- 
cording the  exact  time  of 
commencing  and  complet- 
ing each  operation  enables 
you  to  arrive  at  facts  with 
minimum  effort. 
Ask  for  particulars  con- 
cerning WORKING  DAY 
DIALS.  They  eliminate  90 
per  cent,  of  the  figuring. 
The  only  portable,  auto- 
matic self -inking  Time 
Stamp  made. 

Write  for  FREE  Booklet. 

The  "Buji'nejj  Man's 

Time  Satfer. 

FEB  19 1905 


Actual  size  of 
Impression. 


PERRY    TIME 
STAMP   CO. 

11  W.  Madison  St. 
CHICAGO 


•gf 


r^ 


PERSONAL  AND 
MISCELLANEOUS 


.10. 


Royalty   Interested   in  American   Cor- 
respondence School  Work 

THE  growth  of  the  American  corre- 
spondence school  idea  has  been  Httle 
short  of  marvelous.  Born  in  indifference 
and  ridicule,  nursed  in  prejudice,  this 
phase  of  educative  efifort  has  lived  to 
take  its  place  in  the  general  scheme  of 
American  education,  recognized  not  only 
by  all  broad-minded  educators  at  home, 
but  even  by  royalty  abroad.  The  follow- 
ing clipping  recently  appeared  in  the 
Waikato   (New  Zealand)    Times: 

A  correspondent  sends  us  the  following  in- 
teresting and  pleasing  item  of  information 
taken  from  a   Spanish   contemporary: 

"His  Majesty  the  King  is  taking  a  deep  in- 
terest in  electrical  science,  and  is  giving  at- 
tention to  correspondence  study  of  the  Ameri- 
can School  of  Correspondence  at  Armour  In- 
stitute of  Technology,  Chicago,  United  States 
of  America.  Matters  electrical  are  backward 
in  all  Spain,  and  the  King  has  the  desire  to 
advance  our  country  and  assist  it  in  recovering 
its  position  amongst  the  nations.  He  is  there- 
fore acquainting  himself  with  the  latest  Ameri- 
can advancements  in  electrical  engineering." 


Recently  Graduated 

THE  following  students  have  been 
graduated  from  the  American 
School  of  Correspondence  since  the  April 
number  of  The  Technical  World  was 

issued : 

Appleton,  Chester  L.,  Mount  Holly,  N.  J.— 
Course :     Stationary. 

Backus,  Harry  F.,  Cleveland,  Ohio— Course : 
Electrical. 

Beard,  Norton  S.,  Holton,  Kan.— Course : 
Electrical. 

Bergner,  W.  G.,  Peoria,  111.— Course: 
Plumbing  and  Gasfitting. 

Clark,  Ralph  C,  Poy  Sippi,  Wis.— Course : 
Engineer's. 

Jurs,  Henry  C,  North  Collins,  N.  Y.— 
Course :     Electrical. 

Keppel,  Thomas,  Zeeland,  Mich.— Course : 
Refrigeration. 

Kime,  Ralph  V..  Kendallville,  Ind.— Course : 
Mechanical  Drawing. 

Lockney,  Ira  L.,  North  Fond  du  Lac,  Wis. — 
Course :     Stationary. 

McDonald,  Donald,  Chicago,  111.— Course: 
Electric  Lighting. 
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RECOMMENDED   FOR    800    LBS.    STEAM    WORKING    PRESSVRE 
TESTED  TO  2000  LBS    SQUARE  INCH    HYDRAVLIC    FKESSVK  : 

We  carry  Irr  strK:k  a  complete   line  of  hc«\  >    h>dr«iillc   »alNr.,   lltllnK.  and 
pipe,   suitahtc  tor  pump  culumni  In  mlcie».  limit  pipe  line*.  tl>.. 


New  York 
Philadelphia 
Baltimore 
Cincinnati 
St.  Louis 
Kansas  City 
Sioux  City 
St.  Paul 
Duluth 
Omaha 


Writr    ypr     complftr      Voc^tt      Calalogut 

CRANE  CO. 

CHICAGO 

ESTABLISHED     1856 


y 

I 

Il.;rr,.r,,:.'5.»m 


Mention  The  Tcchtiical  World. 


386 


THE,    TECHNICAL    WORLD 


"LITTLE  WONDER"  WATER  MOTOR 

A  boon  to  the  household:  A  time  aiwl  inoiu'V  saver  for 
all.  For  prlndlng  and  sliarpenlnn,  iiollsliliik'  and  light 
jiower  ptirposes.  The  "Mllle  ^^oIlder■•  attached  to  your 
faucet  win  prrlnd  and  sharpen  knives,  scissors  and  all 
kinds  of  edged  tools.  Will  polish  >  our  cutlery  and  sil- 
verware till  It  shines  like  new.  Will  run  a  sewing  nm- 
clUne,  small  dj-namo  or  other  light  machinery. 

Absolutely  fractical.  Uiiiversalh  successful. 
25.(100  In  use  all  over  the  world.  Motor  at- 
taches directly  to  any  watir  fuuc-et,  smooth 
or  threaded,  a"nd  can  hedetaclied  from  lau- 
cet  In  an  Instant.  Connection  lor  smooth 
faucet  35  cents  extra. 

\nirpi,   Itumiii;   Whrrl    anil    falle)-      ^ItUU 

packed  ill  neal  uuodeii  ca>.e    .    •     -      ■ 

We  also  oarrj-  a  full  line  of  larfrer  motors 
from  yi  to  10  horsepower,  and  water  desk 
and  bracket  (wall)fans  of  exclusive  merit. 


WARNER    MOTOR  COMPANY 


Dept.  8. 


Flatiron  Bids. 


New  York 


Krep  Booklet  describins  the  "I.itlle  WoikIpi"  on  rcciuovl. 


Jessop  Steel  Company 

Washington,   Pennsylvania 

MANUFACTURERS     OP 

Crucible  Sheet  Steel 

of  superior  quality,  for  Circular  Saw  Plates, 
Cross-cut,  and  all  long  Saws,  Billet  Web, 
and  all  short  Saws;  also  Rollers  of  Dead 
Soft  and  Three-Pass  Cold-Rolled  Sheets. 


Correspondence       Solicited 


GAS  ENGINE  CASTINGS 

in  the  rough  or  partly  fin- 
ished, for  the  half 
horse  power 

Franhlin 
Gas  Engine 

Castings,  Materials  and  Blue  Prints,  complete,  $16.50. 

Horizontal  and  Upright  Types.      Send  for 

Circular  7. 

PARSELL  a  WEED 


129-I31  West  31st  St. 


NEW  YORK  CITY 


-Slumbering  Millions-^ 

PEAT  FUEL  offers  unusual  possihilities 
to  investors  who  are  looking  for  Quick 
Action  and  Quick  Returns, 

PEAT     BRIQUETS 

Solve  the  snwke  ntdsance  problem.  Are 
in  compact  form,  clean  to  handle.  Have 
complete  combustion.  Are  easily  and 
cheaply  made  by  ou  r  machinery  from  prac- 
tically inexhaustible  peat  bogs. 
Write  for  descriptive  literature  and  spe- 
cial investment  offer. 


ILLINOIS     PEAT     FUEL 

1042  First  National  Bank  Bldg. 
b^HH^^HHi^  CHICAGO.  ILL.^^^^ 


CO. 


PERSONAL  AND  MISCELLANEOUS  (Continued) 

Melvin,  Thomas,  Bowling  Green,  Mo. — 
Course :     Electrical. 

Moyse,  Vittorio,  Milan,  Italy — Course :  Elec- 
trical. 

Taylor,  J.  W.,  Agricultural  College,  Mich. — 
Course:    Electrical. 

Turnbull,  Gustave,  Jalapa-Vera  Cruz,  Mex- 
ico— Course :    Electrical. 


Estimates  Wanted 

The  City  of  Central  Falls,  R.  I.,  is  con- 
templating the  erection  of  a  municipal 
lighting  plant,  and  wishes  to  receive  es- 
timates of  the  probable  cost  of  such  a 
plant.  It  has  a  population  of  about  20,- 
000  in  an  area  of  about  a  square  mile,  and 
a  total  property  valuation  of  about  $9,- 
000,000.  A  copy  of  the  plan  of  the  city, 
drawn  to  scale,  and  giving  the  location 
of  lights,  poles,  etc.,  will  be  mailed  on 
application  to  the  Clerk  of  Committee  on 
Municipal  Lighting  Plant,  William  H. 
Goldsmith,  Central  Falls,  R.  I. 


lov/a  Automobile  La^w  Tested 

The  trial  of  United  States  Commis- 
sioner F.  jM.  Hunter  of  Ottumwa,  before 
Justice  of  the  Peace  W.  W,  ^^'iley,  near 
Birmingham,  Iowa,  for  an  alleged  viola- 
tion of  the  automobile  law,  resulted  in  an 
acquittal.  The  case  against  Commis- 
sioner Hunter  was  the  result  of  an  acci- 
dent which  occurred  on  the  public  road 
last  November,  w^hen  a  horse  driven  by 
F.  L.  Small,  a  farmer  living  near  Bir- 
mingham, became  frightened,  and  ran 
away  upon  meeting  a  Rambler  automo- 
bile owned  and  occupied  by  Mr,  Hunter, 
though  another  person  was  operating  it. 
Immediatelv  after  the  accident,  Mr. 
Small,  by  letter,  demanded  payment  of 
$100  in  settlement  of  alleged  damages 
sustained,  and  later  an  attorney  made  a 
similar  demand.  Payment  was  refused, 
and  ]\Ir.  Small  filed  a  complaint  charging 
]\Ir.  Hunter  with  violating  the  law  by 
having  failed  to  stop  his  machine,  and 
also  by  not  assisting  in  the  handling  of 
the  frightened  horse. 

The  action  was  brought  under  Section 
9  of  the  act  regarding  the  registration  of 
motor  vehicles  and  regulating  their  use 
and  operation  on  the  public  highways, 
which  became  eftective  July  4,  1904. 
From  the  evidence,  it  appeared  that  at  the 
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ECONOMICAL  POWER 

J  Id  sending  out  their  last  specifications  for 
L'.tsoline  enfiines  for  West  Point,  the  V .  S.  W.ir 
Uupartmcat  rciuired  them  "to  bu  Olds  Encincs 

or    C'lml."    They  excel  all  olliers  or   iho    L'.   b. 

("loveriiuient  would  not  demand  them. 

They  are  the  horiz.Jiital  ivi>o.  2  to  UX>  H.  P..  ;ind 

are  so  simply  and  perfectly  made  that  it  re<iuirci> 
no  experience  to  run  theiu  ;uid 

Repairs  Practically  Cost  Nothing. 

Setut   fiir  fntnloir  of  our   Wlzanl    Ktiu'liip  2  rn  8 

HI",     ' '         ■'Vateiii,  tt: 

tin-  nil  ■    )      TllO  1 

ral  Mil  -iiio  madv .      . 

fltlu'i     n;ii:i)    jack    or    dlri'ct-vuiim.'Cti  J 
p>iin|i.     <  >r.  <iurgeaeral  cat«lo|f,  shuw- 
lutf  nil  fi/es. 

^Olds  Gasoline  Engine  VVorKs^ 

Ul.NSI.NU,  ailllKiAN 


QUICK 


PEERLESS 
DIE    HEAD 
CHUCKING 


DEVICE 


No  stopping  of  the  machine  for  gripping  or 
releasing  the  pipe.  No  backing  out  of  the 
thread.     There  are  other  special  features. 

Send  for  full  description. 

Bignall  ®  Keeler  Mfg.  Co. 

Baildrrg  of  ImproTtd  Pipe  Catting  and  Threading  Jlackiierr, 
EDWARDSVILLE,  ILL.,  U.  S.  A. 


D 


O  not  r«n  your  plant  without  an  Irt'-rn- 
I    will  J  V'  (or  ii 


an  In 

est   incan-i  of 

Vfiowledge  ami  .,..  ...• 

.\n  Indicator  \vi!l 
every  month.     Pw 


^h    greuier 

.  ..in  p-''^'  fiT  ii-.<-if 
matter 


7p/?i 


American  Thompson 
Improved  Indicator 


v\ith    tlio 

to  take  an) 

or  disconnecting.     This  Indicator  < 

■■         '  .J     JOU    ■•Mil 

Take  the  trouble  NOW  to  look  into  ibis 
vital  question — it   me  vn  »a%'ed   and 

dollars  made. 

Special  prices  to  A.  S.  C.  Ktri^imt^      Smd 
a  penny  postal  card  (or  o 

loRUC. 

tion   n 

1  tor— the    very   hean  o(    bteam   togi* 

neeriuj?. 


American    Steam    Gauge 
and  Valve  hi^;.  Co. 

214  Camden  Street,  Boson,  Mas«. 
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ANGLE  BENDERS 

We  make  hand-power-benders 
for  forming  angles  in  stock 
1  inch  thick  and  under.  Light 
stock  can  be  bent  cold. 

WALLACE    SUPPLY    COMPANY 

903   Garden   City   Block.  CHICAGO.   ILL. 


SECOND-HAND 


MOTORS  or/iTMSs 

We  carry  a  stock  of  700  MacMnos, 

All  finished  like  new  and   fully  guaran- 
teed. Low  prices  and  immediate  delivery. 

Guarantee  Electric  Co.,  Chicago 


The  World's  Headqaarfers_for 

Electric  Novelties  and  Supplies 

If  It's  Electric  We  Have  It.    We  undersell  All. 

Fan  Motors 82.00  to  $15.00 

Battery  Table  Lamp 3.00 

Battery  Hanfjin!?  Lamp 10.00 

Telephone,  comi)lete %M,    5.<i5 

Electric  Door  Bells 1.00 

Klectric  Carrlape  Lamps 5.00 

Electric  Lanterns 2.00,    3.00 

88.00  Medical  Batteries 3.95 

812.00  Belt  with  Suspensory 2.50 

I  Telegraph  Outfits 2.00 

Battery  Motors 7.5c  to  12.00 

Battery  Fan  Motor 6.50 

Bicycle  Electric  Lights 3.50 

Electric  Railway 3.25 

Pocket  Flash  Lights 1.00  to    2.50 

Necktie  Lights. , 90c,  1.00,    1.25 

Dynamos $2.00  to  900.00 

OHIO  ELECTRIC  WORKS,  Cleveland,  0. 

Agents  Wanted.    Send  for  New  Catalogue  Just  Out. 
Our  Battery  Fan  Motors  are  most  economical. 


ANYTHING  MECHANICAL  IN    ANY    METAL. 

LET  US  ACT  AS 
YOUR  FACTORY. 

THAT  IS  OUfi  BUSINESS. 

We  are  the  originators  of 

"Let  US  Act  as  Your  Factory  " 

Therefore  if  you  see  it  used  in  connection  with  advertising  of 
firms  in  our  line,  we  hope  it  will  promptly  bring  to  your  mind 

"The  Michigan  Novelty  Works " 

We  have  made  this  phrase  valuable  and  consider  its  use  by 
others  as 

"Unjust  Competition  in  Trade" 

It  stands  for  everything  that  will  make  possible  your  success. 
It  guarantees  those  conditions  upon  which  depend  your 
Financial  and  Commercial  Success. 

A  Failure  attracts  no  attention, 
(I  told  you  so  is  the  usual  remark). 
A  Success— has  many  Imitators. 
Therefore  when  you  read: 
' '  Let  us  Act  as  Your  Factory  ' ' 
"Let  us  be  Your  Factory  " 

Remember, 

MICHIGAN  NOVELTY  WORKS 


126-136  Rose  Street, 


Kalamazoo,  Mich. 


PERSONAL  AND  MISCELLANEOUS-(Continued) 

time  of  the  meeting  of  the  parties,  Mr. 
Small  alighted  from  his  buggy  and,  tak- 
ing the  horse  by  the  reins,  led  him  to- 
ward the  machine,  at  the  same  time  mo- 
tioning to  the  occupants.  The  horse 
showed  no  sign  of  fright,  so  the  operator 
of  the  car  continued  to  drive  it  slowly 
forward  until  within  about  three  rods 
of  the  horse,  when  Mr.  Small  again  sig- 
naled, and  the  machine  was  brought  to 
a  stop.  Just  as  the  machine  was  stopped, 
the  horse,  for  the  first  time,  appeared 
frightened  and  dashed  into  the  fence  at 
the  side  of  the  road ;  then,  jumping 
back,  he  broke  loose  from  Mr.  Small  and 
ran  away.  The  fact  was  established  that 
Mr.  Small's  property  sustained  no  dam- 
age, nor  was  he  injured  in  the  least.  Mr. 
Hunter  was  discharged  without  offering 
anv  evidence  or  making  any  arguments 
in  his  behalf.  The  Justice,  who  is  a 
young  farmer,  rendered  his  decision 
without  any  comments,  his  holding  being 
that  the  law  had  not  been  violated. 

Novel  Industrial  Beneficial  Association 

The  shop  employees  of  the  Crocker- 
Wheeler  Company,  electrical  manufact- 
urers, at  Ampere,  N.  J.,  have  organized 
a  Beneficial  Association  which  has  a 
number  of  novel  features. 

Every  employee  who  pays  ten  cents  a 
week  to  the  Association  will  be  entitled 
to  $10.00  a  week,  for  twenty  weeks,  dur- 
ing incapacity  through  illness.  If  he 
dies,  his  family  will  receive  $100.00.  The 
payment  of  20,  30,  or  40  cents  a  week 
entitles  him  to  $15.00,  $20.00,  or  $25.00 
respectively,  with  death  benefits  of 
$150.00,  $200.00,  or  $250.00. 

The  Company  has  offered  to  contribute 
an  amount  equal  to  the  dues  paid  to  the 
Association.  Thus,  if  $6,000.00  is  paid 
yearly  in  dues,  the  income  of  the  Associa- 
tion will  be  $12,000.00.  The  Company 
does  not  require  representation  in  the 
Association,  which  will  be  run  entirely  by 
the  employees. 

The  results  of  this  experiment  will  be 
watched  with  great  interest  by  all  who 
are  concerned  with  the  problems  of  labor 
or  with  sociological  questions.  It  will 
constitute  an  object-lesson  of  immensely 
important  bearing,  possibly  affording  a 
model  which  other  corporations  may  find 
it  advantageous  to  follow. 
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HOW  ONE  THING 


LEADS 
TO 


ANOTHER 


By  Iniyine  n  copy  of 
this  book  and  becoming 
familiar  with  the  an  of 
electricity  you  don't 
know  what  it  may  lead 
up  to. 

There  are  XX  chaiv 
tors  or  subjecis   carry- 
ing you  from  the  funda- 
mental   principles   of 
electricity    on    thiough 
the  various  branches  to 
a  point  where  the  care- 
ful  student   compre- 
hends the  complete  de- 
signing, care  and  opera- 
tion of  a  dynamo  or  a 
motor.     Each  subject  is 
carefully  written  and  to 
the  point.     After  a  stu- 
dent studies  a  subject, 
he  is  questioned  on  that 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he   needs   to    know  re- 
garding same.     A  DIC- 
TIONARY   in  back  of 
book  will  enable  hinJ  to 
learn    the    meaning   of 
any   electrical    word, 
term  or  phrase  used  in 
this    book    as    well    as 
hundreds  of  others   in 
common  use.      All    re- 
quired tables  necessary 
in  the  study  are  in  it. 


From  our  paper,  Thk  Armature 
Winder,  issued  for  the  purjxM«  of 
.-iihertising  our  facilititjs  for  rrp.tirinK 
<'lt'ctrical  machinery,  orininalcd  our 
l)ook.  TRACTirAL  Mlhctricitv.  whlcli 
has  proven  to  be  the  most  popular  book 
devoted  to  the  study  of  electricity  : 
l'J,(XM)  copies  have  found  buyers,  and 
tlie  Fourth  Fdiiion  is  now  ready.  I'ron 
I'RACTicAi-  Fi.KCTRirn  V  has  sprung  the 
manufacture  of  Dynamos  and   Motors. 


AN 
n 


Price  $2.00  per  copy. 


Thit  book  will  help  you  in  the 
study  of  electricity  as  no  oilier  book 
ever  has.  fl  The  oUer  wo  make  of 
refunding  money  If  book  i«  not  »«t- 
isfactory  upon   exium:  '  '"  ^^ 

INUSLAU    ONE    in 
with  the  sale  of  •  I 
have  no  fear  of  its   i 
decision  will  bo  wliat^ 
others'  have  been, 
not  buy  it  if  it  could 
rated.   We  cfuld  prii 
by  the  hundreds.     It 
order  and  be  your  own 


merits. 


Cleveland 
Armature  Worhs 

CLEVELAND, OHIO 


YOU  CAN 
DO  IT 

Wiiile  (ladrinc  el<^- 
iriiily  fi  "<n  our  1 
■  nd    pel frr ling    y 
self  In  olcitticdl  ' 
neeiiug.    you     ca:. 
engttccd  ia  th«  mI*- 
of  our  d  y  n«mot  •n'! 
m"i"r»  nnd    earning    --^ 
,;       1  ion. 

Wi  lie  lui   oor  C..1.. 
lo|u«  and    prop< 
in  tofercnco  to  h'  "   i 
fell,  ■nd   coiiiiioi»''^i' 
wo  pjy. 

Out  ptopotitli'n  ItK- 
ideal  ono  for  any  ni* 
who  It  connected  we 
a  power  plant  or  en  ;     I 

•!.i'.iijn;    the 
w:.    tu     you     ! 

powar  will.  10   ni' >i 

ca*e».  favor  you  It  j-m 

but  icll  ihnm  yoti  ar« 

r>t    t'T   a  (ood   Ba- 
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THE 


TOUCH 

TYPEWRITER 

The  ideal  way  to  operate  a  typewriter  is  by 
the  Touch  Method  (without looking  at  the 
keys).  When  a  typewriter  is  so  operated  the 
operator  can  give  undivided  attention  to  the 
copy  to  be  transcribed,  and  acquire  marvelous 
speed. 

The  Fox  Typewriter  is  recognized 
as  the  best  adapted  for  this  method  of 
operating.  The  compactness  of  the  key- 
board, the  short  key  dip,  the  light  touch  {2o'lo 
to  50*0  lighter  than  any  other),  are  perfected 
features  in  the  Fox  and  give  it  a  great  ad- 
vantage over  all  others. 

THE    FOX   FOR   SPEED 

By  a  special  arrangement  of  the  escape- 
ment the  operator  can  instantly  change  the 
speed  of  the  machine  from  "regular"  to  "fast," 
so  that  any  Fox  Typewriter  is  adapted  to  the 
speed  of  the  operator,  a  wonderful  advantage 
where  speed  is  any  consideration,  and  one  not 
found  on  other  typewriters. 

TWO-COLORED  RIBBON 

Can  be  used  when  desired,  and  by  sinaply 
touching  a  button,  credits  or  special  notations 
can  be  inserted  in  a  different  colored  ink  from 
the  body  of  the  letter. 

We  know  that  the  Fox  Typewriter 
is  a  higher  grade  typewriter  than  any 
other,  that  it  will  do  more  work,  more 
varied  -work,  do  it  easier,  and  has 
greater  durability  than  any  other  type- 
writer manufactured. 

We  are  proving  this  assertion  every  day. 
We  want  an  opportunity  to  prove  it  in  your 
office,  and  we  are  willing  to  undertake  it 
without  any  expense  to  yourself. 


Our  catalog  describing  the  macliine  in 
detail  will  be  sent  tree  upon  request. 


FOX  TYPEWRITER  CO. 

620  Front  Street,      Graad  Rapids,  Mich. 

Branch  offices  and  agencies  in  principal  cities. 
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Steam  and  Coal  Required  to  Heat  Water 

Questions:  i.  What  is  the  best  and  most 
economical  method  of  heating  200,000  gallons 
of  water  from  initial  temperature  of  40°  to 
final  temperature  of  200°  ?  Water  to  be  used 
for  washing  purposes  in  factory. 

2.  If  heated  by  fire,  how  much  grate  surface 
will  be  required? 

3.  If  heated  by  live  steam,  how  many  horse- 
power and  what  pressure  will  be  required? 

4.  If  heated  by  exhaust  steam  at  atmos- 
pheric pressure,  what  engine  horse-power  will 
be  required? — /.  H.  ^L 

Answers:  i.  Since  one  gallon  of 
water  weighs  8.3  pounds,  200.000  gallons 
of  water  are  equivalent  to  this  number 
times  8.3  pounds.  Since  the  rise  in  tem- 
perature is  160°,  the  number  of  heat  units 
that  must  be  supplied  is  200,000  x  8.3  x 
160.  As  to  the  most  economical  method  of 
supplying  this  heat,  it  depends  upon  the 
available  sources.  It  is  common  practice 
to  use  exhaust  steam  for  such  purposes ; 
and,  if  stich  is  available,  it  can  be  con- 
veniently led  to  coils  which  may  be  placed 
in  tanks  containing  water.  Since  exhaust 
steam  is  frequently  allowed  to  escape  to 
the  atmosphere,  this  method  would  seem 
to  be  the  most  economical,  as  it  requires 
no  additional  fuel. 

2.  The  water  can  of  course  be  heated 
directly  in  a  boiler;  but  it  is  impossible 
to  state  the  grate  stirface  required,  since 
you  have  not  stated  the  time  allowed  for 
heating  this  water.  We  may  allow  8,000 
heat  units  for  each  pound  of  coal  burned  ; 
so  that,  by  dividing  the  quantity  of  heat 
found  above,  by  8,000,  the  pounds  of 
coal  required  can  be  found.  The  size 
of  the  grate  will  then  depend  upon  the 
rate  at  which  the  coal  is  burned;  and 
this  may  vary  anywhere  from  4  to  say 
20  pounds  per  square  foot  of  grate  per 
hour.  Assuming  the  smaller  rate,  the 
grate  surface   (in  sqttare  feet)  must  be: 

200,000  X  8.3  X  160 
4  X  8,000 

If  the  greater  rate  is  assumed,  then  the 
surface  will  be  just  one-fifth  of  this. 
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are4-ply,  but  heavy  inter- 
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"fatal  spot"  where  the  il- 
lustration is  shaded. 

This  makes  the  collar 
flexible  where  other  collars 
go  to  pieces  quickly, — 
allows  it  to  fold  more  times 
without  breaking. 

Flexibility  where  it  is 
needed,— full  4-plv  strength 

everywhere  else. 

*        *        » 

Mark  your  collars  every  time 
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how  much  longer  Corliss-Coon 
Collars  wear  than  others. 


Ask  the  best  dealers  for  Corliss- 
Coon  Collars.  They  have  them 
or  can  get  any  style  you  desire 
in  our  make.  If  you  are  not  willingly 
supplied,  send  your  order  to  us  -with 
retail  price.  (2  for  25c).  stating  style 
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Write  for  the  book.  "Better  Col- 
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The  above  is  on  the  assumption  that 
the  200.000  gallons  are  to  be  heated  per 
hour.  In  case,  however,  this  amount  of 
water  is  needed  only  every  lo  or  24 
hours,  the  results  in  the  above  calcula- 
tions should  be  cut  down  to  i/io  and 
I  '24  respectively. 

3.  Jn  round  numbers,  one  pound  of 
steam  will  give  up  1,000  heat  units 
on  condensing-.  Dividing  the  heat  units 
first  determined,  by  1,000,  the  pounds  of 
steam    required    will    be    found.      This 


gives 


200,000  X  8.3X  160 
1,000 


=  265,600  pounds. 


Since  about  30  pounds  of  steam  are 
equivalent  to  one  horse-power,  dividing 
the  total  quantity  of  steam  by  30,  we 
have  the  horse-power: 


265,600 
30 


=  8,850  H.  P., 


if  heated  in  one  hour.     If  10  hours'  time 
is  allowed,  then. 


H.  P. 


8,850 
10 


=  885. 


4-  Probably  30  per  cent  of  the  exhaust 
steam  will  be  moist,  so  the  actual  horse- 
power of  the  engine  should  be  about  30 
per  cent  greater  than  the  calculations 
would  indicate.  In  case,  however,  the 
engine  uses  less  than  30  pounds  of  steam 
per  horse-power  hour,  its  rated  power 
must  be  greater  in  proportion. 


Wiring  in  Marine  Work 

Question:  I  should  like  some  definite  in- 
formation as  to  what  the  wiring  requirements 
are  for  Marine  work.  Is  there  a  standard 
like  the  National  Code,  or  is  the  practice  still 
an  unwritten  code  that  has  been  developed  by 
experience  and  hard  knocks  ?— i?.  D.  C. 

Answer:  In  the  National  Electrical 
Code,  at  the  back,  there  is  a  section  de- 
voted to  Marine  work,  which  takes  up 
the  special  requirements  for  this  class  of 
wiring,  giving  the  requirements  in  re- 
gard to  generators,  running  of  wires 
switchboard  work,  resistance  boxes, 
switches,  cut-outs,  etc.  If,  therefore,  you 
will  look  up  this  reference,  you  will 
doubtless  nnd  the  information  vou  desire 
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WHAT  MAKES  THE  GRASS  DIE? 

is  often  asked.  Some  say  one  thing,  and  some  another.  Old  style  mowers 
catch  the  top  of  the  grass  first,  jerking  it  and  breaking  the  feeders  at  the 

root,  killing  it.  The  Clipper  Mower  does  not  touch  the  grass  until 
it  cuts  it.  Every  purchaser  should  follov/  the  directiorvs  placed 
upon  the  handle  of  each  mower  in  order  to  produce  the  best  results. 


THE  MOWER 

That  will  Kill  all  the 
Weeds  in  Your  Lawns. 
If  you  keep  the  weeds 
cut  so  they  do  not  go 
to  seed,  and  cut  your 
grass  without  break- 
ing the  small  feeders 
of  roots,  the  grass  will 
become  thick  and  the 
weeds  will  disappear. 
The  CLIPPER  will 
do  it. 


ASK  YOUR  DEALER 
FOR  THEM 

If  they  haven't  got  them 
here  you  will  find  the  price 
below.  Send  draft,  money 
order  or  registered  letter. 


No.  1,  12  inch  Mower,  $5.00 
No.  2,  15  inch  Mower,  6.00 
No.  3,  18  inch  Mower,  7.00 
No.  4,  21  inch  Mower,    8.00 


M  a  n  u_fac  tured    by    the 


Clipper   Lawn   Mower   Company 

DIXON.     ILLINOIS 
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Single-Phase  Motors 

Question:  Will  you  kindly  explain  the 
principles  of  operation  of  a  single-phase  al- 
ternating-current    non-synchronous     motor? — 

Answer:  When  a  polyphase  induction 
motor  is  once  started  and  running  at 
full  speed,  all  the  phases  but  one  may  be 
disconnected  from  the  primary  member, 
and  the  machine  will  continue  to  operate 
and  carry  a  very  considerable  load,  say 
two-thirds  as  much  as  when  all  the  phases 
are  connected  to  the  supply  mains.  An 
induction  motor,  however,  will  not  start 
when  one  phase  only  of  its  primary  mem- 
ber is  connected  to  single-phase  supply 
mains.  Therefore,  when  it  is  to  be  driven 
from  single-phase  mains,  special  provis- 
ion for  starting  must  be  made.  An  in- 
duction motor  designed  to  operate  from 
single-phase  mains,  and  provided  with 
special  arrangements  for  starting,  is 
called  a  "single-phase"  induction  motor. 

Three  methods  of  starting  single-phase 
motors  are  in  general  use,  as  follows : 

(a)  Haxd  Starting.  Very  small  in- 
duction motors  may  be  started  by  giving 
a  vigorous  pull  on  the  belt  which  connects 
the  motor  to  the  machinery  which  it 
drives. 

(6)  Split-Phase  Starting.  When 
an  alternating  current  is  divided  between 
two  branches  of  a  circuit,  there  is  a  phase 
difference  between  the  currents  in  the 
two  branches,  if  the  ratio  of  resistance 
to  reactance  is  different  in  the  two 
branches.  This  is  especially  true  if  one 
branch  contains  a  condenser.  Now,  a 
two-phase  motor  will  start  when  the  cur- 
rents in  the  two  stator  circuits  are  less 
than  90  degrees  apart  in  phase,  although 
the  starting  torque  grows  less  and  less  as 
the  phase  difference  of  the  two  currents 
decreases.  The  dephasing  of  the  two 
parts  of  a  single  alternating  current  in 
two  dissimilar  branches  of  a  given  cir- 
cuit, is  called  "phase-splitting;"  and  a 
single-phase  induction  motor  may  be  ar- 
ranged to  start  as  a  two-phase  motor,  by 
splitting  a  single-phase  current,  and  using 
the  two  parts  of  the  split  current  exactly 
as  one  would  use  two  genuine  two-phase 
currents. 

In  the  Holtzer-Cabot  single-phase  in- 
duction motor,  one  set  of  stator  coils  con- 
sists of  many  turns  of  coarse  wire  oc- 
cupying three-fourths  of  all  the   stator 
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THE  George  N.  Pierce  Company, 
believing  that  the  designing  of 
motor  cars  has  never  received 
the  artistic  and  intelligent  attention 
it  should,  and  desiring  to  procure 
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the  following  prizes  for  designs  of 
motor  car  bodies  : 

For  Open  Body 

1st  Prize  $250        2nd  Prize  $100 

For  Enclosed  or  Limousine  Body 

1st  Prize  $250        2nd  Prize  $100 

And  also  believing  that  the  present  color 
schemes  of  motor  cars  are  barbarous  and 
inartistic,  and  can  be  greatly  improved  by 
artistic  attention,  they  offer  for  the 

Best  Color  Schemes  for  Motor 
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1st  Prize  $200        2nd  Prize  $100 

Write  at  once  to  the  George  N.  Pierce  Com- 
pany for  full  particulars. 

The     c  oni  e  s  1    closej    Jane    1st. 


The  George  N.  Pierce  Company  reserves  the 
right  to  purchase  all  designs  and  co)or  schemes 
offered,  not  available  for  prizes,  at  fifty  dollars 
each.  Otherwise  they  will  be  returned  at  the 
company's  expense. 


George  N.  Pierce  Company 


BUFFALO,   N.  Y. 
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slots.  The  other  set  of  coils  consists  of 
fewer  turns  of  line  wire  occupying  the 
remaining-  slots.  The  first  set  constitutes 
the  "working-  coils  ;"  and  the  second,  the 
"starting  coils."  After  starting,  both 
sets  of  coils  are  connected  to  the  single- 
phase  supply  mains ;  and  the  difference 
in  the  resistance  and  reactance  in  the  two 
sets  of  coils  splits  the  single-phase  cur- 
rent supplied,  sufficiently  to  give  a  slight 
starting  torque. 

In  small  General  Electric  single-phase 
induction  motors,  there  is  a  condenser 
provided,  which  is  connected  in  series 
with  one  phase  (the  starting  coils)  pf  the 
stator  windings  in  order  to  give  sorne- 
thing  approaching  90  degrees'  phase  dif- 
ference between  the  split-phase  currents. 
A  condenser  for  a  given  volt-ampere  ca- 
pacitv  can  be  constructed  much  more 
cheaply  for  high  than  for  low  voltage. 
Therefore  the  condenser-compensator 
made  by  the  General  Electric  Company 
is  provided  with  a  small  step-up  trans- 
former (auto-transformer)  so  that  the 
condenser  may  be  designed  for  high  elec- 
tromotive force. 

(c)  Repulsion  IMotor  Starting.  If 
an  ordinary  direct-current  dynamo  w^ere 
provided  with  a  laminated  field  magnet, 
and  if  its  field  magnet  were  excited  by  an 
alternating  current,  currents  would  be  in- 
duced in  the  armature  windings  by  the 
alternating  field,  provided  the  brushes  of 
the  direct-current  machine  were  set  at 
an  angle  of  about  45  degrees  (for  a  two- 
pole  machine)  from  their  proper  position 
for  collecting  a  direct  current.  These 
currents  induced  in  the  armature  would 
be  acted  upon  by  the  alternating  field  so 
as  to  produce  a  torque  which  would  cause 
the  armature  to  rotate.  A  self-starting 
single-phase  alternating-current  motor 
constructed  on  this  principle  is  called  a 
"repulsion"  motor. 

The  Wagner  single-phase  induction 
motor  is  of  the  repulsion  type.  The  iron 
stator  core  is  very  much  like  the  core  of 
an  ordinary  induction  motor — namely,  in 
the  form  of  a  laminated  ring  closely  sur- 
rotmding  the  armature  and  slotted  on  its 
inner  face.  The  armature  is  of  the  or- 
dinary direct-current  drum  type  provided 
with  a  disc  commutator  with  radial  com- 
mutator bars.  For  a  4-pole  ma- 
chine,     four      short-circuited      brushes 
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Convertible  Runabout,  Model  G,  $750 

Either  tonneau  or  delivery   wagon   top  can   be  added  at  any  time  for  $100  extra. 

Ease  of  operation  and  low  cost  of  maintenance  arc  its  most  attractive  features. 
No  automobile  is  stron^t-r;  none  has  fewer  and  simpler  working  parts.    The  con 
trol  is  by  one  lever,  and  pedals.     Ignition  is  automatic.    With  the  elimiiiiition  of 
unnecessary  parts  and  a  direct  transmission  of  power,  fuel  is  economized  without 
a  sacrihre  of  :il>ilitv  to  ^^o  at  cotnfortable  speed  wherevf-r  roads  are  fit  for  travel. 


A  laundry  company  who  used  this  convertible  automobile,  write: 

It  is  now  nearly  a  year  since  we  purchased  our  Knmbler  deliver 

tiie  machine  has  been  on  the  road  practically  every  day,  from  six  o^. 

at  ni^ht.     We  feel  satisfied  that,  in  the  matter  of  expense,  our  automobile  h.i 
running  than  the  cost  of  keeping  a  hor^^;  anrl  waijon   in 
considers  the  greater  amount  of  work  done,  not  to  menti 
an  advertisement  has  brought  us. 

For  the  first  six  months  of  its  us<!  we  devoted  the  automobile   to  t    -  ' 1.-..  1....,,,..^.    I.-, 

however,  we  use  it  in  coml>ination  with  our  carfjct  department,  more  < 
trips  and  special  quick  delivery. 

Anyone  can  understand  what  a  delivery  car  in  the  launtlrv  I.n^in..,^  his  t.i  .1,:  in  f.irt  w 
believe  it  the  severest  test  an  automobile  could  have;  the  fre<juent 
stantly  going,  the  service  in  all  kinds  of  weather,  all  con  ' 

We  have  just  given  the  machine  a  thorough  ov.  ... 

and  it  is  surprising  in  what  good  condition  we  found  the  beannKs  and  general  machinery. 


New  York  Aeency 

134  West  38th 

Street 


Main  Office  and  Factory.         ::         KENOSHA.  WISCONSIN 

BRANCHES:    Bo6tOD,  Chicaao  and  PbiladclphU. 


Beprc- 

la  oth 

dUca 


Thomas  B.  JefTery  £y  Company 
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MOR,E  THAN 

_  JO  SHAVES 

>V^ITHOUT  STROPPING 

This  is  a  low  average  of  the  number  of  ■ 

shaves  that   can   be    secured   with    a 

(^ilbttfsafMoj^azor 


This 
Illus- 
trates 
razor 
ready 
for 

adjust 
ment. 


With  each  raznr  there  are  twelve  double  edged 
blades  of  wafer  sleel,  tempered  so  hard, .  by  our 
secret  process,  they  must  be  ground  with  iMa- 
mond  Dust,  and  so  perfectly  sharpened,  eveiT 
one  will  give  from  ten  to  fortydeli?htful,  velveiy 
shaves  without  stropping.  When  they  are 
dull  we  will  send  you  one  new  bade  for. every 
two  relumed  to  us.  Repeated  exchanging  in  this 
way  gives  you  an  equivalent  of  twenty-two 
blades  with  every  outfit.  After  they  are  all 
used,  new  ones  can  be  purchased  at  so  low  a 
price  that  your  shaving  will  cost  you  but  a 
«  faction  of  a  cent  a  shave. 
GiUetteSaleaCo.,Newyorli. 

Gentlemen:— I  bought  one  of  your  razors  last  Septem- 
ber and  I  would  not  sell  it  for  many  times  its  value  if  1 
to.:ll  not  pet  another.  In  fact  it  is  tl>e  ""'^  Jf.^'i'j.^i 
have  used  one  blade  sixty -two  tlmea  and  am  atlll  twlng 
It.  We  have  a  chain  of  UB  banks  and  several  of  our  boys 
have  bought  the  razor  from  seeing  mine. 

Respectfi;lly,        L.GREENWOOD, 
Auditor  Farmers'  Loan  &  Trust  Co., 

Sioux  City, Iowa. 

Ask  your  dealer  for  the  (giUfltf  Safrli) 
Razor;  he  can  procure  it  for  you. .  Write 
for  our  interesting  booklet  vyhich  ex- 
plains our  thirty  days  free  tnal  offer. 
Most  dealers  make  this  offer;  if  yours 
don't,  we  will. 

JTIi?  (Sillrtte  g>aka  (Hompattg, 

1124  Times  Bldg.,  Times  Square,  New  York. 

References:— Any  one  of  our  168,= 

141  satisfied  users  to  January  1, 

1905,  our  first  year  in  the  market. 


Now  Everybody 
Can  Have  an 


ADDING  MACHINE 

^The  ingenious  plan  of  the  Locke  Adder  avoids  all  use  of  com- 
nllcated  costly  mechanism.  Will  do  more  work  than  machines 
costlnir  hundreds  of  dollars.  Capacity— 0;)9,999,999.  Price  S5.no  and 
WO.OO,  prepaid  in  U.S.    Write  for  free  booklet.    AGENTS  WANTED. 

C.  E.  LOCKE  MFG.  COMPANY 
32  Walnut  Street,        -         Kensett,  lowa^^ 


"Buy  a   LocKe   Adder  to  Ajjiji  your  ^rain. 


What  Is  Daus' Tip-Top? 


TO  PROVE  ^!;ty;;: 

is  the  best  and  simplest  device 
for  making  100  copies  from  pen 
written  and  50  copies  from 
tjTsewritten  original,  we  will 
ship  complete  duplicator,  cap 
size,  without  deposit  on  ten  (10)  days'  trial 

Price  $7.50  less  trade  discount  of       tfj»l^  f\f\  tio-f 
33>i  per  cent  or »{pO.VA/  liCL 

The  Felix  G.  L.  Daus  Duplicator  Co. 
Daus  Building,  111  John  Street,  New  York  City 


CONSULTING  DEPARTMENT— (Continued) 

are  pressed  against  the  face  of 
the  disc-shaped  commutator  at  angles 
of  90  degrees.  At  starting,  the  stator 
winding  is  connected  to  the  single- 
phase  supply  mains,  and  the  machine 
starts  as  a  repulsion  motor.  Inside  the 
armature  are  two  governor  weights, 
which  are  thrown  out  hy  centrifugal  force 
when  the  machine  reaches  full  speed,  thus 
pushing  a  solid  copper  ring  into  contact 
with  the  inner  ends  of  the  commutator 
bars,  completely  short-circuiting  the 
winding.  At  the  same  time,  the  brush- 
holder  is  pushed  endwise,  lifting  the 
brushes  off  the  commutator. 


Pressure  in  Steam  Mains 

Question  i:  In  heating  a  group  of  build- 
ings by  steam  from  a  central  plant,  the  steam 
mains  being  laid  underground  and  some  of 
them  ^  to  ^  mile  long,  which  is  best — to 
carry  boiler  pressure  (90  lbs.)  from  central 
plant  to  each  building,  and  there  to  reduce, 
say,  to  10  lbs. ;  or  to  carry  10  lbs.  directly  from 
boiler  plant  in  mains?     Why? 

Question  2:  What  is  the  best  method  of 
protecting  underground  steam  pipes,  other  than 
by  brick  conduit  ? — T.  3/.  D. 

Answer  i:     Of  the  two  methods  of 
running  the   steam,   we  should  suggest 
that  it  would  be  more  economical  to  carry 
the  high  pressure,  90  pounds.    The  prin- 
cipal losses  are  due  to  radiation  and  fric- 
tion.    Using    the    proper  sized  pipe  in 
either  case,  the  loss  due  to  friction  of 
flow  should  be  equal  to  about  one-fifth 
of  the  loss   due  to   radiation  when  the 
sum  of  the  two  is  a  minimum.     Now,  if 
the  steam  were  transmitted  at  the  lower 
pressure,  it  would  require  a  pipe  about 
twice  as  large,  consequently  there  would 
be   more   loss   by   radiation.       This    in- 
crease   would    probably  be  30  per  cent 
over  the  loss  at  the  higher  pressure.    The 
decrease  in  loss  due  to  friction  when  we 
use  the  larger  pipe,  is  about  in  the  same 
proportion — that  is,  one-third  of  what  it 
was  at  the  higher  pressure.     Since  the 
total   loss    due   to    friction,   however,    is 
only  one-fifth  of  the  total  heat  loss,  the 
decrease  due  to  friction  is  not  so  great 
as  the  increase  due  to  radiation.    Conse- 
quently there  is  a  net  loss  at  the  lower 
pressure.     Further,  the  cost  of  the  pipe 
will  be  less  at  high  pressure,  since  the 
smaller  sized  pipe  can  be  used ;  but  this 
is    partly    counterbalanced    by    the    in- 
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V\/^K  have  just  compieted  arningemcnts  with  some  of  our 
most  successful  factory  and  shop  m:ln:l^t•^s  to  write 
for  THE  ENGINEERING  MACJA/INl-.  a  scries  of  spec.al 
articles  on  those  problems  ot  organization,  management,  and 
equipment,  which  are  the  most  frequent  causes  ot  Inction, 
costlv  delays,  misunderstandings,  interruptions,  etc.  the 
thousand  and  one  things  which  somehow  go  wrong  at  the 
very  time  when  they  cause  most  trouble  and  expense.  Thrsc 
men  have  solved  the  perplexing  problems  which  they  uibcu^b  , 
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HAVE    YOU   WORN   THEM? 


Not  "celluloid"  —  not'  "paper  collars,"  but  made  of 
fine  cloth,  exactly  resemble  fashionable  linen  goods, 
and  cost  of  dealers,  for  box  of  ten,  25c.  (2'/2  cts.  each). 

NO     WASHING     OR     IRONING 

When  soiled,  discard.  By  mail,  10  collars  or  5 
pairs  of  cuffs,  for  30c.  Sample  collar  or  pair  of 
cuffs  for  6c.  In  U.  S.  stamps.    Give  size  and  style. 

REVERSIBLE  COLLAR  CO..  Dept.  W..  BOSTON,  MASS. 


Twentieth  Century 
Locomotives 

BY 

Angus  Sinclair  Company 
Newly  Published  and  is  the 

Best  BooK  on 
Railway  Machinery 

ever  published.  Contains 
chapters  on  :  Elementary 
lessons  on  first  principles; 
steam  and  motive  pow^er; 
workshop  operations;  loco- 
motive boiler  construction; 
compound  locomotives; 
valve  motion;  machine  tools 
and  shop  appliances,  and 
on  nine   other   subjects. 

PROFUSELY  ILLUSTRATED. 
Contains  670  pages,   6x9  inches. 

PRICE,      THREE    DO  I.  LARS 

LOCOMOTIVE  ENGINEERING 

Department  T,  136  Liberty  Street. 
New  York 


CONSULTING  DEPARTMENT  -  ( Concluded ) 

creased  expense  of  maintaining  the  high- 
pressure  system. 

Anstver  2:  Other  than  the  method  of 
running  the  pipe  in  conduits,  a  wooden 
tube  with  a  concentric  air  space  sur- 
rounding the  pipe  is  tiesirable.  This  sys- 
tem, however,  is  objectionable,  because 
it  does  not  protect  the  pipe  from  ground 
water.  A  modified  form  in  which  both 
the  steam  and  return  pipes  are  covered 
with  asbestos  and  hair  felt,  and  placed 
in  a  box  made  of  two-inch  plank,  has 
been  employed  with  success.  The  loss 
in  pipes  protected  as  above  should  not 
exceed  20  per  cent  of  the  loss  in  the  case 
of  bare  pipes. 

^» 

Commutator  Segments— Flashing 

Question  i:  Why  is  there  an  odd  number 
of  segments  in  a  commutator  of  an  exciter  or 
motor,  while  dynamos  have  an  even  number? 

Question  2:  What  causes  a  direct-current 
series-arc  machine  to  flash  when  the  circuit  is 
broken?— P.  L.  P. 

Answer  i:  There  is  no  such  sharply 
drawn  distinction  as  you  suggest  between 
the  nimiber  of  segments  on  a  motor  or 
exciter  and  that  on  a  generator.  The 
number  of  commutator  segments  in  any 
case  will  depend  upon  the  class  of  wind- 
ing, and  not  on  whether  the  machine  is 
used  as  a  generator  or  motor.  An  ex- 
citer is  itself  a  generator ;  so,  naturally, 
there  can  be  no  distinction  whatever  be- 
tween a  generator  and  an  exciter. 

Answer  2:  The  flashing  is  caused  by 
the  rise  in  voltage  in  the  armature.  If 
the  circuit  is  broken,  the  controller 
throws  the  brushes  back  to  the  full-load 
position,  thus  generating  a  very  high 
voltage. 


Fault  in  Voltmeter 

Question:  Will  you  please  tell  me  what 
may  be  the  reason  that  an  electrostatic  volt- 
meter will  not  show  a  steady  voltage  after  the 
alternator  reaches  about  one-quarter  load,  but 
is  perfectly  steady  below  this  load?  The  lights 
show  no  variation  in  brilliancy,  and  another 
voltmeter  of  exactly  the  same  type  shows  a 
steady  voltage. — A.  C.  B. 

Anszver:  You  will  probably  find  that 
the  charged  plates,  for  some  reason  or 
other,  are  beginning  to  lose  their  charge. 
This  is  very  likely  due  either  to  leakage 
or  to  static  discharge.  In  other  words, 
your  voltmeter  is  defective. 
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For  Hair 
A  Thousand  Dollars 

How  often  have  you  heard  the  remark, 
"I  will  give  any  man  a  thousand  dollars 
who  can  make  hair  grow  on  my  head. 
So  far  as  we  know  there  is  but  one  method 
that  will  induce  hair  growth,  and  that  is 
the  Vacuum  Process. 

We  have  proved  conclusively  that  for 
every  live  follicle  a  reasonable  use  of  our 
Appliance  will  develop  a  healthy  and 
natural  hair. 

Our  Guarantee 

We  will  send  you  by  prepaid  express  an 
Evans  Vacuum  Cap  to  use  thirty  days, 
and  all  we  ask  of  you  is  to  deposit  the  price 
of  the  Appliance  in  any  bank  in  St.  Louis 
during  the  trial  period,  subject  to  your 
own  order. 

If  you  do  not  cultivate  a  sufficient  growth 
of  hair  within  this  time  to  convince  you 
that  this  method  is  efifective,  simply  notify 
the  bank  and  they  will  return  your  deposit. 

The  effect  of  the  vacuum  is  pleasant  and 

exhilarating.      It  gives  the  scalp  vigorous 

.exercise  without  rubbing,  and  induces  free 

and  active  circulation  without  the  use  of 

drugs  or  lotions.      Free  book  o?i  request. 

EVANS    VACUUM    CAP    CO. 

465  Fullerton  Bldg.,St.  Louis.  Mo. 


BOOKS   RECEIVED 

Laboratory  and  Factory  Tests  in  Electrical  En- 
gineering. By  George  F.  Sever,  Adjunct  Professor 
of  Electrical  Engineering,  Columbia  University;  and 
Fitzhugh  Townsend,  Tutor  in  Electrical  Engineering, 
Columbia  University.  Pages  236.  Cloth, 6  by  9  inches. 
Illustrated .  Published  by  D .  Van  Nostrand  Co. ,  New 
Toik,  K.  Y.    Price,  $2.50  net. 

This  book  is  intended  for  the  advanced 
student  in  electrical  engineering,  as  a 
considerable  knowledge  of  fundamental 
principles  is  assumed  on  the  part  of  the 
reader.  The  subjects  treated  represent 
the  laboratory  work  required  in  the  Elec- 
trical Engineering  course  at  Columbia 
University,  and  are  intended  as  a  textbook 
for  the  use  of  students.  It  is  believed, 
however,  that  this  volume  will  be  found 
useful  also  to  those  who  are  practically 
engaged  in  the  profession  of  electrical 
engineering.  As  its  title  implies,  the 
book  prescribes  a  large  number  of  lab- 
oratory and  factory  tests  on  various  kinds 
of  electrical  machinery  and  apparatus, 
each  test  being  accompanied  with  brief 
theoretical  discussions  of  the  theories  in- 
volved. The  experiments  are  divided 
into  three  general  classes — namely,  di- 
rect-current tests,  alternating-current 
tests,  and  electrical  measurements.  From 
twenty  to  thirty  different  tests  are  given 
under  each  of  these  general  headings ; 
and  many  of  the  tests  are  of  a  practical 
kind,  which  the  student,  later  on,  will 
find  of  material  value  in  his  professional 
work. 


Alternating-Current  Testing.  By  Fitzhugh  Town- 
send,  Tutor  in  Electrical  Engineering,  Columbia  Un- 
iversity. Pages  32.  Paper,  5  1-2  by  8  1-2  inches. 
Illustrated.  Published  by  D.  Van  Nostrand  Co. , New 
York,  N.  Y.    Price  75  cents. 

This  pamphlet  gives  an  outline  of  the 
course  in  alternating-current  laboratory 
work  used  by  the  graduating  class  in  Me- 
chanical Engineering  in  Columbia  Uni- 
versity. It  includes  some  of  the  usual 
comm.ercial  tests,  and  a  number  of  ex- 
periments illustrating  some  of  the  char- 
acteristic  features  of  this  class  of  ma- 
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mountable difficulties  because  you  did  not  have  hundy  the  rijtht  kind  of  a  t'jol  i.j  l»   •■  i;    ,i    ,:■  '    '    ^  U  it 

practical  for  any  man  to  carry  a  cumbersome  tool  chest  to  take  mcasurcmenttt?    ^  Suppoae  you  oouU  carry  in 
your  vest  i>ocket  all  in  one  instrument 
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and  many  other  combinations  too  numerous  to  mention,  but  understood  and  appreciated  at  once  by  all  havin»  to  deal 

with  any  kind  of  measurements.      H  We  now  present  a  tool  which  will  enable  >■'■■■  '  ■  '    '  ■' ' r.  ,,,.,. t  .  ,,,,i  i  .v.. 

all  measurements,  within  its  scope,  accurately  and  tjuickly.      ^  It  ia  made  <if 

tested  as  to  its  accuracy.     1i  It  will  be  found  to  be  a  novel  and  valuable  aiMi: 

1i  The  practical  men  will  find  constant  and  novel  uses  for  it  umler  any  and  all  ■ 

to  solve  all  the  different  and  difficult  problems  which  ari-tc  in  tlie  shoii    -    '      •     — 

being:  small  enough  for  the  pocket--that  it  can  always  bo  at  hand. 

no  expense  is  spared  to  insure  accuracy.     Wo  commrnd  it  as  a  lini  .  -  ■  . 

it  can  be  put,      ^The  Combination  Giiugrc  is  enclos*-*!  in  a  neat  li ..  with  m-  '-■ 

conveniently  carried  in  the  pocket.    '  You  can  get  one  of  these  invuiuiiu..-  >...    .        free  if ,  .  i. 

outlined  below. 
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LITERATURE-  ( Continued) 

chinery.  As  the  subject  is  treated  in  a 
practical  way,  the  pamphlet  will  un- 
doubtedly be  of  value  to  those  dealing 
with  alternating-current  machinery  who 
have  only  a  limited  knowledge  of  the  sub- 
ject. 


Brookes  Automobile  EUndbook.  By  L.  Elliott  Brookes. 
Pages  320.  Flexible  Leather,  4  1-2  by  6  1-2  inches. 
Illustrated .  PubUshed  by  Frederick  J.  Drake  &  Co., 
Chicago,  HI. 

This  handbook  is  intended  as  a  practical 
guide  for  the  use  of  automobile  owners 
and  operators.  It  contains  general  de- 
scriptions of  all  the  parts  of  electric  and 
gasoline  machines,  and  general  directions 
for  operating,  repairing,  and  testing 
them.  As  a  large  number  of  subjects  are 
covered  in  a  comparatively  brief  space,  the 
information  contained  is  condensed.  The 
work  is  well  done,  the  subjects  in  general 
being  treated  in  a  practical  rather  than  a 
theoretical  way.  The  book  is  evidently 
intended  to  guide  the  operator  in  the 
care  of  his  machine  and"  to  point  out  the 
most  common  troubles  and  their  rem- 
edies. Instead  of  an  index  being  sup- 
plied, the  subjects  are  arranged  alphabet- 
ically, as  in  an  encyclopedia ;  and  while 
the  continuity  of  the  work  is  thus  de- 
stroyed for  the  general  reader,  it  con- 
stitutes a  handy  form  for  reference  pur- 
poses. 


Electricity  Control.  A  Treatise  on  Electric  Switch  Gears 
and  Systems  of  Electric  Transmission.  By  Leonard 
Andrews.  Pages  230.  Cloth,  6  by  9  inches.  Publish- 
ed by  Charles  Griffen  &  Co. ,  Limited.  London,  Eng. , 
p.nd  J.  B.  Lippincott  Co.,  Philadelphia,  Pa.  Price 
$3.75. 

This  book  opens  with  the  general  prin- 
ciples of  switch-gear  design,  pointing  out 
the  importance  of  simplicity,  the  neces- 
sity of  non-combustible  construction,  the 
importance  of  accessibility  and  standard- 
ization, and  other  general  features  of 
switch  gears.  The  apparatus  considered 
is  the  larger  sort  found  in  central  sta- 
tions, and  used  between  the  generators 
and  the  distributing  center ;  and,  on  ac- 
count of  the  infinite  variety  of  small  ap- 
paratus, no  attempt  has  been  made  to 
consider  the  latter.  The  details  of  the 
construction  of  a  large  number  of  the 
devices  are  explained,  and  the  respective 
advantages  and  disadvantages  of  differ- 
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LITERATURE     (Continued) 

ent  methods  of  construction  are  consid- 
ered. The  successive  chapters  take  up 
the  subject  of  circuit-breakers,  automati- 
cally operated  breakers,  alternating  re- 
verse-current devices,  parallel  operation, 
and  the  general  arrangement  of  controll- 
ing apparatus  for  both  high-  and  low- 
tension  systems.  The  last  two  chapters 
are  devoted  to  a  description  of  a  com- 
plete installation,  and  long-distance  trans- 
mission schemes.  The  book  is  an  English 
work,  and  is,  we  believe,  the  only  one 
treating  exclusively  upon"  the  subject. 
The  treatment  is  very  complete;  but  in 
many  respects  the  English  practice  differs 
somewhat  from  the  American,  and,  while 
many  of  the  principal  American  types  of 
apparatus  are  described,  much  of  the 
work  deals  with  apparatus  not  to  be 
found  in  this  country.  As  far  as  general 
principles  are  concerned,  however,  the 
student  will  find  this  book  to  be  very  use- 
ful. 


CATALOGUES 

Brown  &  Sharpe  Manufacturing  Company,  Provi- 
dence, R,  I,  Catalogue(l905)of  Machinery  and  Tools. 
Pages  494.    Paper,  3  1-2  by  5  3-4 inches. 

The  1905  edition  of  this  catalogue  has 
been  thoroughly  revised  and  somewhat 
enlarged.  The  new  matter,  together  with 
the  changes  from  the  old  edition,  makes 
it  desirable  to  obtain  this  new  edition, 
which  will  be  mailed  free  to  any  address 
upon  application.  The  catalogue  con- 
tains a  large  number  of  tables  and  a  great 
deal  of  general  information,  which  makes 
it  very  valuable  to  the  workman  as  a 
book  of  reference.  Its  contents  cover  a 
very  large  variety  of  machines  and  small 
tools  which  this  company  manufactures, 
and  the  new  features  are  printed  on  col- 
ored inserts  so  they  can  readily  be  dis- 
tinguished. 


The  Guarantee  Electric  Company,  Chicago,  111. 
Catalogue  entitled  " As  the  Photographer  Saw  Us." 
Paper,  7  by  11  inches. 

This  catalogue  is  in  the  nature  of  a 
souvenir,  and  is  devoted  almost  exclu- 
sively to  photographic  reproductions  of 
the  offices  and  warerooms  of  The  Guar- 
antee Electric  Company.  The  principal 
business  of  this  company  is  the  purchase 
of     second-hand     electrical     machinery. 
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THE  CHICAGO  ct  ALTON 

runs  the  largest  passen^eren^ines 

in  the  world 

They  keep  the  trains  on  time 

Between  Chicago, 
St.  Louis, 
Kansas  City  and 
Peoria 

Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 


Locations  for  Industries 

Erie  Railroad  System 
Chicago  to  New  York 


The  Erie  Railroad  System's  Industrial  Depart- 
ment has  all  the  territory  traversed  by  the  railroad 
districted  in  relation  to  resources,  markets  and  ad- 
vantages for  manufacturing,  and  can  advise  with 
manufacturers  of  specific  products  as  to  suitable 
locations,  furnishing  them  with  current  information 
of  a  comprehensive  nature,  dealing  with  the  project 
in  its  full  relation  to  manufacture  and  commerce. 

The  Erie  is  one  of  the  greatest  of  trunk  lines.  Its 
own  rails  connect  the  two  largest  cities  of  America. 
Every  section  of  the  System  has  its  particular  merits. 
It  has  great  general  and  coal,  oil  and  natural  gas 
resources. 

It  is  important  in  this  age  of  modern  facilities  for 
manufacturers  to  locate  where  they  can  obtain  side 
tracks  so  as  to  receive  from  and  ship  directly  into 
cars  at  the  factory.  Information  can  be  promptly 
furnished  in  this  connection  about  every  point  on 
the  system  between  Chicago  and  New  York. 

Manufacturers'  inquiries  as  to  locations  are  treated 
in  strict  confidence  and  absolutely  reliable  informa- 
tion, so  as  to  promote  permanent  traffic,  is  furnished. 
Address 

LUIS  JACKSON 

Industrial  Commissioner 
Erie   Railroad    Company 

21  Cortlandt  Street,  New  York 


LITERATURE-  ( Concluded) 

which  it  repairs  and  offers  for  sale  un- 
der a  written  guarantee.  That  the  com- 
pany carries  a  very  large  stock  of  ma- 
chinery is  evidenced  by  some  of  the  pho- 
tographic illustrations  here  reproduced, 
some  of  the  store-room  floors  showing 
collections  of  many  hundred  machines. 
The  electrical  testing  and  repairing  de- 
partments naturally  form  prominent 
branches  of  this  business  and  employ  a 
large  force  of  men. 

The  New  Trade-Mark 
La^v 

Embodying   Important  Changes  Affect- 
ing the  Interests  of  Domestic 
Manufacturers 


By  FREDERICK  S.  STITT 

Attorney-at-Law 

ONE  of  the  most  troublesome  con- 
ditions that  has  heretofore  con- 
fronted domestic  manufacturers 
desiring  to  secure  federal  pro- 
tection for  their  trade-marks,  has  been 
the  fact  that  the  law  has  not  provided  for 
the  registration  or  statutory  protection  of 
any  mark  not  used  in  commerce  with 
foreign  nations  or  Indian  tribes.  This 
has  now  been  changed  by  a  law  which 
took  effect  the  first  day  of  April  of  the 
present  year,  providing  that  commerce 
among  the  several  States  is  sufficient  to 
render  an  otherwise  unobjectionable 
trade-mark  registrable  in  the  Patent 
Office,  and  also  protected  in  the  United 
States  courts  after  registration. 

Besides  this  change,  the  fee  for  regis- 
tration has  been  reduced  from  $25  to 
$10;  the  term  during  wdiich  the  certifi- 
cate of  registration  remains  in  force  has 
been  reduced  from  thirty  years  to  twenty 
vears,  being  made  renewable  at  the  end 
of  the  term  for  other  terms  of-  like 
length  ;  and  "it  shall  be  the  duty  of  the 
registrant  to  give  notice  to  the  public  that 
a  trade-mark  is  registered"  by  affixing 
thereon  w^ords  such  as  "Reg.  U.  S.  Pat. 
Off."  Of  seemingly  greater  importance 
than  the  notice  required  after  registra- 
tion, is  the  fact  that,  after  an  application 
for  registration  has  been  examined  and 
favorably  acted  upon,  it  is  published  at 
least  once  in  the  Patent  OtHce  Gazette 
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The  Russian  Side 


AN   OFFICIAL   STATEMENT 


Count    Cassini 

THE  Rl'SSIAN  AMBASSADOR 
TO  THE  UNITED  STATES 
WRITES   FOR  MAY   ISSUE  OF 

The   World 
To-Day 


THE   FIRST   AUTHORITATIVE 
STATEMENT    MADE    ON 


Cui<>  rl«-Ul,  IWH,  l>>  i  111. 


"Russia's  Internal  Troubles" 

This  article  states  Russia  s  tH)sition  on  tho  disorders  that  have  attractttl  the  altt-n- 
tionof  the  whole  world.  It  is  the  most  important  contribution  of  the  month  tomnsm- 
zine  literature  and  should  be  read  by  everyone  interested  in  the  Russian  situation. 


OTMFR    lEAOINr.   AKTICLES 

"The    Russian    Peasant  as  a   Soldier' 

11>    [I  Ku-.-lall  (  ..|,.|..  I, 

"The  Finances  of  Russia" 

Kr  tlrotcory  Wllcnkiii.  '  >  financial  Atuwho 

"Russian  Student  Life'" 

riUNl  l.v    It  \  •iiiliif  Allli'rl*  nit  M  r       '  i  .  .  ..   ..t...  i«.^i 

nto  iiiajiy  uf  liie  nnTct'  of  tlir 

"I  he  Personnel  of  the  Russian  Lnibassy' 

l:.  1      Arthur  WlllUiii.. 


Ir 
inti-: 


many 


THE  WORLD  TO-DAY  is  the  only  moirazinp  of  iu  claasro- 

tailinjrai  Jl  '"'  =  • —      '•   ■■    '  -     .  .  .-.  .- -••.^rior 

to  most  of  tl  •  .wlpr. 

look  it  up  at  i  .-;;  '~"l'>'. 

It  is  a  barKain. 


THE      WORLD     TO-DAY 

1109.     67     WABASH     AVENUE.     CHICAGO 
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INDUSTRIES 

ARE 

OFFERED 
LOCATIONS 


With  satisfactory  inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AND    THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Commissioner, 

1  Park  Row,         Chicago.  III. 


MAGNIFICENT 
WATER  POWER 


which  will  develop  ten  thousand 
horse-power  With  this  is  included 
200  acres  at  dam  site  and  300  acres 
at  power  site.  The  property  should 
be  developed  in  connection  with 
the  generation  of  electricity  for 
power,  as  we  have  application  from 
numerous  industries  for  site  when 
developments  are  assured.  There 
are  also  a  number  of  towns  within 
a  radius  of  thirty  miles  ready  to 
contract  for  both  light  and  power. 

PAPER  AND  PULP  MILL 

One  hundred  million  cords  of  pulp 
wood  are  tributary,  extending  up 
the  river  for  a  distance  of  thirty 
miles,  and  commanding  as  well  a 
territory  of  several  hundred  miles 
connected  by  rail.  For  engineer's 
report  and  detailed  data  address, 

J.  W.  WHITE,  General  Industrial  Agent 

Portsmouth,  Virginia. 
SEABOARD    AIR.    LINE    RAILWAY 


NEW  TRADE-MARK  LAW— (Concluded) 

before  the  certificate  is  isstied,  so  as  to 
give  notice  and  opportunity  to  anyone 
who  believes  himself  to  be  injured  by 
the  registration  to  oppose  the  same.  Even 
after  the  mark  has  been  registered,  the 
certificate  may  be  canceled  by  the  Com- 
missioner of  Patents,  if  anyone,  deeming 
himself  to  be  injured  by  such  registra- 
tion, applies  to  the  Commissioner  for 
relief  and  proves  that  he  is  entitled  to  it. 

No  mark  shall  be  refused  registration 
under  the  new  law  unless  it  consists  of  or 
comprises  immoral  or  scandalotts  mat- 
ter, or  the  flag  or  coat-of-arms  or  other 
insignia  of  the  United  States  or  of  any 
State  or  municipality  or  of  any  foreign 
nation ;  or  is  like  other  marks  applied  to 
similar  goods ;  or  is  descriptive  of  the 
goods  ;  or  is  geographical  in  character  ; 
or  is  the  mere  name  of  an  individual, 
firm  or  corporation  not  displayed  in  some 
distinctive  manner.  And  it  is  further 
provided  that  no  portrait  of  a  living  indi- 
vidual may  be  registered  as  a  trade-mark, 
unless  such  person  give  his  consent  in 
writing.  But  notwithstanding  these  pro- 
hibitive clauses,  that  section  of  the  act 
containing  them  provides  that  nothing 
therein  shall  prevent  the  registration  of 
any  mark  in  exclusive  use  by  the  appli- 
cant or  his  predecessors  for  ten  years 
next  preceding  the  passage  of  the  Act. 
Thus  special  consideration  is  given  to 
marks  that  have  been  a  long  time  in  use. 

The  Commissioner  of  Patents,  in  his 
recent  report  to  Congress,  speaking  of 
the  new  trade-mark  law,  which  was  then 
being  considered,  stated  that  the  "trade- 
mark measure  now  before  Congress  will, 
if  it  becomes  a  law,  imdoubtedly  result 
in  an  increase  in  registration  of  trade- 
marks in  this  Ofiice  and  will  require  an 
increase  of  facilities  both  in  the  force 
employed  and  in  space  and  equipment 
required  for  its  transaction."  There  is 
little  doubt  that  manufacturers  will 
hasten  to  take  advantage  of  the  new  law, 
since  the  fee  has  been  materially  reduced, 
and  since  foreign  commerce  or  commerce 
with  Indian  tribes — a  condition  precedent 
that  has  been  incomprehensible  to  them 
in  the  old  law — now  no  longer  controls, 
commerce  among  the  several  States 
being  all  that  is  required  before  a  lawful 
mark  may  be  registered  in  the  Patent 
Office. 
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Mr.  Engineer 


If  you  are  an  vn>ciatuig,  Mution- 
ary  engineer  and  are  trying  to 
keep  pace  with  your  profession 
^^^^^^^^^^^^^^^^^^^^^^^^  hy  making  use  of  other  en- 
gineers' brains  and  experience,  as  well  as  your  own,  that  is,  hv  reading  the 
newest  and  best  of  everything  in  literature  that  is  devoted  to  the  interests 
of  nioden    power    plant   engineering,    you    should    subscrii  e   at  once  for 

The  Practical  Engineer 

The  subscription  price  is  only  50  cents  a  year  if  v<ni  subscribe  now, 
payable  in  advance.  It  is  published  on  the  first  of  each  month,  and  each 
issue  contains  64  pages  and  cover.  It  is  the  best  mechanical  journal  ever 
produced  anywhere  in  the  world  for  such  a  low  price. 

Write  for  Free  Sample  Copy 


The  Practical  Engineer, 


46   North  Twelfth   Street 
Thiladelphia,    Ta. 


$9.75  for  $5.50 

H 
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SEND  50  CENTS 

Fill  oat  the  coupon  printe<J  in  thi.t  nilvertlsement  and  mall 
It  with  .V)  cents.  We  will  roiiiI  the  Library  oa  approtal,  and 
will  refund  your  ."iO  cenl.H  if  y.iu  are  not  (iatl«tle<i.  If  kepi, 
you  may  pay  as  speeitled  In  the  cmipon.  fir.  If  you  wi  i.  .-ml 
jio.im  cash  wlih  jour  order  for  payment  in  full.  As  g<K'i 
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scription  to  ITBLIC  Ol'INION.  ir"y..ii  are  nirendy  n  y.  ,  .  -in.- 
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CHAUFFEURS    WANTED 

Siiliiiy  SCO  toSlOd  per  moiilh,  incliuiing  board  and 
ronni.  Automobile  operators  or  "  (-/((a/i/eu/s'  are 
always  in  deuiaiKl.  Any  young  man  of  butlimilea 
education  can  successfully  operate  a  gasoline  or 
electricAutomobilewith  afew hours *8tudy  with  our 
new  self-instruction  "Automobile  Hand -Book." 
Over  300  pages.  118  illustrations,  red  morocco,  gold 
edges;  price, fl.OO  prepaid.  We  return  your  money 
if  not  as  represented.  We  are  the  largest  publishers 
of  booKs  for  home  study  in  the  world.  Write  for 
complete  catalogue,  sent  free.  FREDERICK  J. 
1)H4.KK  &  (.'<).,  eiH>--Il  F.ah-L  ^r.idisoii  .St.,  Ciiioago. 


PREMIUM  SCALES  r°H'E WORLD 

FOR  HAY,  GRAIN,  STOCK,  COAL,  ETC. 
Steel  Frame  &  Royal  Scale  Rack 


Official  Stock  Scales  at  World's  Fair,  Chicago,  1893. 
at  Omalia,  1898-1899,  and  all  Tboroaglibred  Stock  Shows. 

Best  and  Cheapest  rel  iable  O.  S.  Standard  Scales  made. 
Many  useful  articles  for  Farmers  at  Wholesale  prices. 
Cata'loeues,  prices  and  information  furnished  free. 

CHICAGO  SCALE  COMPANY    

292.  294  A  296  Jackson  Boulevard.  Chicago.  Illinois 

Be  Your  Own  Boss! 

MANY  MAKE  $2,000.00  A  YEAR.  You  have  the 
same  chance.  Starta  Mail  Order  Businessat  home.  We  tell  you 
how.  Money  coming  in  daily.  Enormous  profits.  Everything 
ftirnished.  Write  at  once  for  our '  'Starter"  and  FREE  particulars 
T.  KRL'EQER  C0%,  155  Washington  Street,  Chicago,  III. 


KEROSENE  OIL  ENGINE 

Stationary,  Marine,  Portable.    Send  for  Catalog 

Int'l  Power  Vehicle  Co.,  379-81  Dearborn  St..  Chicago 


NortKerrv  Pacific  to  the 

YELLOWSTONE  ^PARK 

NortKern  Pacific  to  the 

PORTLAND   EXPOSITION 


NortKerrv  Pacific  direct  to 

PUGET  SOUND 


COUNTRY 


"The     Comfort     'Route" 
"  E-Oery    Mile    an    Education  " 

Very  Low  Rates  West 

Booklets— Four  cents  f(yr  Lewis  and  Clark  Booklet ; 
sixcentsfor  "Wonderland,"  to  A.  M.  Cleland.  G.P.A., 
St  Paul.  Information— Address  C.  A.  Matthews, 
Gen'l  Agent  Pass.  Dept..  208  So.  Clark  St..  Chicago. 


f^ 


EMPLOYMENT 
DEPARTMENT 


_^> 


'  TO  EMPLOYERS— The  Technical  World  offers  its 
services  in  bringing  employers  of  skilled  labor  into  com- 
munication with  trained  and  efficient  men.  Write  the 
Employment  Department  full  particulars  as  to  the  quali- 
fications necessary. 


SITUATIONS  VACANT 

Wanted — Traveling  Salesman  calling  upon 
electrical  trade  and  Electric  Street  Railway 
Cos.,  to  handle  our  goods  as  a  side  line.  Lib- 
eral commission.  Address  Sills-Eddy  Mica 
Co.,  Newark,  N.  J. 


Wanted — A  few  young  men  who  desire  to 
enter  into  special  technical  industries.  C.  D. 
POAGE,  Sec,  1305  Traction  Bldg.,  Cincinnati, 
Ohio. 


Send  io  cents  for  the  last  issue  of  the  Engi- 
neering World,  containing  list  of  150  vacancies 
for  technical  men,  now  open  w'ith  the  Engineer- 
ing Agency,  Chicago.  Engineering  World, 
Monadnock  Block,  Chicago,  111. 


Will  distribute  FIVE-DOLLAR  GOLD 
PIECES  among  limited  number  of  hustlers. 
Working  plan,  with  line  of  .  samples,  thirty 
cents.  W.  H.  Johnson,  6159  Ellis  Ave.,  Chi- 
cago. 


SITUATIONS  WANTED 

Wanted — Position  by  Electrical  Engineer, 
graduate  Armour  Institute  of  Technology,  1905. 
Electrical  Co.  preferred.  Address  A.  W. 
Tyler,  3403  Paulina  St.,  Chicago,  111. 


Wanted — A  position  as  Engineer's  Helper 
in  some  Power  or  Light  plant  is  wanted  by  a 
student  of  the  American  School  of  Correspond- 
ence. Location  in  the  West  preferred.  Address 
T/ie  Technical  World,  No.  340. 


Wanted — A  mechanical  engineer,  graduate 
of  the  American  School  of  Correspondence, 
wishes  to  make  a  change.  He  is  at  present 
emploved  as  Mechanical  Superintendent  of  a 
Paper  ]\Iill.  Best  of  references.  Address  The 
Technical  World,  No.  341- 
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This  Book 


IS 


Free  to  You 


Busintss  Short  Cuts  is  a  book  of 
l«l()  paj;jes  (5  X  7  inches)  of  the 
concentrated  business  experience 
of  a  hundrt'd  successful  nu-n.  It 
is  a  compilation  of  short  nuthods, 
it  tells  you  of  the  short  ways  of 
doing  the  thin^•s  which  now  take 
too  much  of  your  time.  The  book 
has  rccLivtd  the  unqualified 
endorsement  of  the  trade  and 
techfiical  press.  The  fourth  edi- 
tion is  nowrtadv  and  sellsfor$l.<H). 


'^e  Business  Man's  Magazine 

Book-keeper 


and     ^^  _ 

is  the  oldest,   largest  and  best  magazine   for  business  men.      It  is  full 

of    solid    meat    for    the    cashier, 


VAr  eUm>tlMlttg  Hm>Mjer 


April  1905      Kj   ctnts 

De  tr.Mt  ,  Michlgiwu  .  V  .  s  .  a 


book-keeper,  department  manager, 
pro]irietor  and  clerk.  The  sub- 
scription price  is  one  dollar  a  year. 

A  Special  Offer 

To  any  Technical  World  reader 
who  will  send  us  one  dollar  for  a 
year's  subscription  to  the  BUSI- 
NESS M.\NS  M.\G.\ZINE  and 
mention  this  ad,  wc  will  send, 
absolutely  free,  postpaid,  a  copy 
of  Business  Short  Cuts  bound  in 
Art  Boards.  Do  not  delay  as  the 
edition  is  limited  and  you  will 
regret  it  if  you  miss  this  chance 
to  get   a  free  copy  of   the   book. 

'S^eBook-Keeper  Publishing  Co. 

■  I.imJtc<1> 
82   W    Fort  Street  DETROIT.  MICH. 
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Preparation 
for  College 

BY  MAIL 

Instruction  under  the  direction  of  the  regular 
teachers  in  a  resident  engineering  college. 

Lessons  prepared  especially  for  home  study  by 
teachers  of  acknowledged  standing. 

The  full  College  Preparatory  Course  covers  the  en- 
trance reguirenients  of  such  a  college  as  ARMOUR 
INSTITUTE  OF  TECHNOLOGY,  and  students 
sati^actorily  completing  this  course  are  admitted 
to  the  college  of  engitieering  of  that  institution 
without  further  examination  in  the  subjects  taken. 

An  unusual  opportunity  for  young  men  of  limit- 
ed means  to  prepare  for  entrance  to  an  engineer- 
ing college  without  leaving  home  or  interfering 
with  their  regular" work. 

PARENTS  wishing  to  KEEP  THEIR 
CHILDREN  AT  HOME  as  long  as  pos- 
sible before  sending  them  to  coUege  will 
find  these  courses  of  great  value.  There 
is  no  breaking  of  home  ties,  and  the 
student  not  only  has  many  of  the  ad- 
vantages of  a  private  tutor  but  also  the 
sympathy  and  encouragement  of  his 
parents. 

This  is  an  excellent  opportunity  for  feacfeers  and 
others  to  take  up  engineering  studies  in  their  own 
homes  and  at  their  own  convenience  under  the 
guidance  of  resident  school  teachers. 

In  addition  to  the  College  Preparatory  Course 
instruction  is  also  offered  in 

Mathematics  f  Arithmetic,  Algebra,  Geom- 
etry and  Trigonometry),  Electrical, 
Mechanical,  Steam,  Sanitary  and  Civil 
Engineering;  Architecture,  Mechanical 
Drawing,  Telegraphy,  Telephony  and 
the  manufacture  of  Textiles  (Spinning, 
Weaving  and  Knitting) . 

200  page  illustrated  Bulletin,  giving  full  infor- 
mation as  to  courses,  teachers,  methods  of  study, 
etc.,  may  be  had  upon  request. 

American  School  of  Correspondence 

at 
Armour  Institute  of  Technology 

CHICAGO,  ILL.,  U.S.A. 

^^^^  Mention  The  Technical  World.  May 


EMPLOYMENT  DEPARTMENT- (Concluded) 

Wanted — A  student  of  the  American  School 
of  Correspondence  wants  position  where  prac- 
tical experience  can  be  obtained  in  handling 
Electrical  Machinery.  Location  West  or  Pa- 
cific Coast.  Address  The  Technical  World, 
No.    342. 


Wanted — Position  as  Helper  in  a  Power  or 
Light  plant  is  wanted  by  a  student  of  the 
American  School.  Address  The  Technical 
World,  No.  343. 


Wanted — Position  in  Mechanical  Engineer's 
office  or  as  Helper  in  a  Steam  or  Electrical 
plant,  is  wanted  by  a  student  of  the  American 
School.  Two  years'  practical  experience  with 
engines  and  boilers.  Address  The  Technical 
World,  No.  344. 


BACK  NUMBER  WANTED 

Wanted — April  number,  1904,  of'TECHNiCAL 
World.  W'ill  pay  cash.  Address  John  Mor- 
ton, Hawkeye,  Iowa. 


FOR  SALE 

Complete  set  of  castings  to  build  a  i^- 
H.  P.  gasoline  bicycle  motor.  Accurate  blue- 
prints furnished.  Can  be  finished  on  an  8-inch 
lathe.  No  special  tools  or  previous  experience 
required.  Price  per  set,  $8.00.  Further  in- 
formation freely  furnished.- — Climax  Electric 
Works,  New  Salem,  Mass. 


Travel  in  the  Transvaal 

"We  were  bounding  along,"  said  a 
recent  traveler  on  a  local  South  Africa 
single-line  railway,  "at  the  rate  of  about 
seven  miles  per  hour,  and  the  whole  train 
was  shaking  terribly.  I  expected  every 
moment  to  see  my  bones  protruding 
through  my  skin.  Passengers  were  roll- 
ing from  one  end  of  the  car  to  the  other. 
I  held  on  firmly  to  my  seat.  Presently 
we  settled  down  a  bit  quieter ;  at  least,  I 
could  keep  my  hat  on,  and  my  teeth 
didn't  chatter, 

"There  was  a  quiet-looking  man  oppo- 
site me.  I  looked  up  with  a  ghastly 
smile,  wishing  to  appear  cheerful,  and 
said : 

"  'We  are  going  a  bit  smoother,  I  see.* 

"  'Yes,'  he  said ;  'we're  ofif  the  track 
now.'  " 
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lIt  us  take  LP  THE  MATTFJ.  OF  BUSINESS  PUBLICI  FY  XVITH  YOU    " 


.T  ITjE  wouia  like  to  ask  you  if  your  adver-      - 
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tising  literature  is  what  it  ought  to 
be  to  give  the  greatest  possible 
returns  for  the  time  and  money  ex- 
pended—and whether  you  know  that 

RINTING  must,  necessarily,  be  neat 
and  got  up  in  the  style  of  to-day 
in  order  to  obtain  this  end.  This  is 
as  essential  to  your  business  success  as 
a  neat  dress  or  a  well  furnished  office.  | 

ONT  be  deceived  into  the  idea  that  the 
mere  wording  of  an  advertisement  will 
sell  your  wares.  It  must  have  style 
and  reflect   the  merit  of    your    goods. 

NSULT  us  about  new  ideas  and 
novelties  in  up-to-date  printing— the 
kind  that  is  productive  of  this  result 
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Say    ^^Devoe 


>> 


Do  you  want  to  be  sure  of  good 
quality  when  you  buy  your 
draughting  supplies?  Say"Devoe" 
to  your  dealer;  if  he  doesn't  have 
the  stuff,  say  it  to  some  other 
dealer. 

Oil  or  water  colors,  in  tubes  or 
pans;  brushes,  pencils,  crayons; 
papers,  boards,  canvas;  drawing 
and  draughting  instruments:  the 
name  Devoe  is  a  sign  of  the  best. 
Say  "Devoe;"  say  it  to  us  if  you 
want  to;  we'll  show  you. 

Devoe   &    Raynolds   Company 

176  Randolph  Street,  Chicago 

Fulton  and  Williams  Sts.,  New  York 
I  2 14  Grand  Avenue,  Kansas  City 


A  Cause  for  Thanks 

A  CLERGYMAN  was  caught  ill  a  severe  gale. 
The  water  was  exceedingly  rough,  and  the 
ship  persistently  buried  her  nose  in  the  sea. 
The  rolling  was  constant,  and  at  last  the  good 
man  got  thoroughly  frightened.  He  asked 
the  captain  if  he  could  not  have  prayers. 
The  captain  took  him  by  the  arm  and  led  him 
down  to  the  forecastle,  where  the  tars  were 
singing  and  swearing.  "There,"  said  he,  "when 
you  hear  the  swearing  you  may  know  there  is 
no  danger."  He  went  back  feeling  better,  but 
the  storm  increased  his  alarm.  Disconsolate 
and  unassisted,  he  managed  to  stagger  to  the 
forecastle  again.  The  ancient  mariners  were 
swearing  as  ever.  "Mary,"  he  said  to  his  sym- 
pathetic wife,  as  he  crawled  into  his  berth 
after  tacking  across  a  wet  deck,  "Mary,  thank 
God  they're  swearing  yet." — Life. 

Resemblances 

Small  Boy  (just  home  from  school)  : 
"Mamma,  Miss  Simpson  says  I'm  descended 
from  a  monkey." 

His  Mother  (glancing  severely  at  her  hus- 
band) :  "Not  on  my  side,  darling." — Harper's 
Weekly. 

^» 
Made  a  Hit 
"My  wife  can  drive  nails  like  light- 


GiLES : 
ning." 
Miles 
Giles  : 


"You  don't  mean  it !" 

"Sure  I  do.  Lightning,  you  know, 
seldom  strikes  twice  in  the  same  place." — 
Chicago  Daily  Ncivs. 


Be    I  nf  ormed 


ABOUT 


California  and  the  West 

BY    READING 

SUNSET  MAGAZINE 


No  other  publication  tells  so  much 
about  the  Far  West  or  tells  it  so  clean- 
ly and  clearly.  Every  number  is 
beautifully  illustrated  and  filled  with 
interesting  and  instructive  matter. 
Best  Western  writers  and  artists. 


If  your  newsdealer  doesn't  handle  SUNSET,  send  us  his  name  and  address,  and  we  will  send  you  a  frefe  sample  copy. 


Home  Offices:    431  California  Street,    SAN  FRANCISCO.  CALIFORNIA 
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A 

300 
page 

book 
on 


Electricity 


//  7i<iiiiifd  dy  mail  se-riii  ttn 
J ititt  stamps  to  itK'fr 
cost  of  delivery,  ot/ier- 
u'ise  book  will  he  sent 
collect. 

Remittances  may  be 
made  in  stamps  at 
our  risk. 


Over  100  diagrams,  sections, 
tables,  formulae  and  full-paee 
illustrations. 


MANY  people  believe  Electricity  cannot  be  taught  outside  the  classroom.      To  demonstrate 
the  standard,  scope  and  methods  of  our  instruction  we  have  bound  up  four  representative 
instruction  papers  in  our  Electrical   Engineering  course  in  a  handsome  cover  under  the  title  of 


Practical    Lessons 
Electricity 


in 


making  a  book  of  300  pages,  8x10  inches  in  size,  bound  in  green  art  buckram.  Until  May  30th 
we  will  send  one  copy  for  60  cents  (the  actual  cost  of  binding)  to  every  reader  of  The  Technical 
World  sending  us  the  names  of  three  persons  whom  he  knows  to  be  interested  in  one  of 
the  courses  mentioned  below.     (State  course  in  which  interested.)     Address  Room  137. 

The  book  is  easily  worth  $2.00,  and  we  make  this  offer  because  we  know  that  an  inspection 
of  our  text-books  will  be  convincing  evidence  of  the  practical  value  of  our  instruction. 

PARTIy\L     LIST    OF     CONTENTS: 

storage:  BATTERIES,   by  Prof.   F.   B    Crocker,  Columbia  Vnlverslty 

(prepared  es|iecially  for  lioiiie  study  I :  Types;  General  Principles;  Chemical  Action;  I'ata 
Sheets;  Edison  Scoraue  Hattery:  .Management;  Klcctrolyte ;  C':idmiiini  Test;  Ch.iri;ini:  ;  liHi- 
ciency;  Troubles  and  Remedies:  Testint: ;  Portable  Batteries  for  Automobiles  and 
boats;  etc. 

ELECTRIC  WIRING,  by  H.  C.  Cvishlng.  Jr.  (author  of  "Standard  Wiring"): 
Dynamo  Installation;  I  lie  Switch  Board;  Lit:htnini:  Arresters:  Motor  Installation;  Tables; 
Transformers;  Three-Wire  System;  Poles  and  Pole  Setting;  Inside  Wiring  ;  Arc  Light  Wiring; 
Conduit  Work;  FixtQie  Wiring;  Cut-Outs;  Switches;  Distribution  of  Light;  Arc  and  Incan- 
descent Systems ;  Fuses;  Inspection;  etc. 

ELECTRIC  CURRENT:  Volt.  Ampere,  Ohm;  Resistance:  Conductivity;  Tables; 
Circuits;  Grouping  of  Cells;  ijuantity;  Energy;  Power;  Coulomb;  Joule;  Watt;  etc. 

ELEMENTS  OF  ELECTRICITY:  Magnets,  Experiments  with  Magnets;  Magnetiz- 
ing Steel ;  Conductors  and  Insulation;  Electric  Machine;  Leyden  Jar;  Voltaic  Cell;  Types  of 
Cells;  Electromagnets;  Induction  Coil;  Electrolysis;  Electrotyping  and  Electroplating;  The 
Telephone;  The  Telegraph,  Sounder,  Alphabet;  Key,  Battety,  Relay;  etc. 

Illustrated  200-page  quarterly  Bulletin  giving  full  outlines  of  our  sixty  different  courses  in 
Electrical,  Mechanical,  Civil,  Stationary.  Marine,  Locomotive  Engineering.  Architecture. 
Mechanical,  Perspective  and  Freehand  Drawing,  Ten  and  Ink  Rendering.  Structural  Drafting, 
Telegraphy,  Telephony  and  Textiles,  Including  Knitting,  Cotton  and  Woolen  Cloth  Manufacturing, 
etc..  including  College  Preparatory  Course  which  prepares  for  entrance  to  engineering  schools,  will 
be  seat  free  to  any  one  on  request. 


American    School    of    Corresporvdence 
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^^^^^^^"^^^^^^^^mamm      Chicago.    111.     M^^^^^^i^^i""^^""^^^ 
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Complete 
Drawing 


Outfit 


No.  la 


The  Official  Drawing 
Outfit  Used  and  Re- 
commended by  the 
School 


REGULAR 
RETAIL 
PRICE 

S15.34 


Lr^^MWirf 


{Cut  is  Ret>roduc*d 
from  a  Photograph) 


DETAILED    LIST    OF    OUTFIT    ILLUSTRATED: 


INSTRUUENTS: 

Set  of  German  Silver  Drawing  Instruments  in 
Morocco  Leather  Pock'st  Case,  velvet  lined,  with 
bar  lock,  comprising: 

One  German  Silver  compass,  6  inches  long, 
with  pen,  pencil,  needle  point  and  length- 
ening bar. 

One  German  Silver  spacing  dividers,  5  inches 
long. 

One  steel  spring  bow  dividers,  3M  inches  long. 

One  steel  spring  bow  pen,  3M  inches  long,  with 
needle  point. 

One  steel  spring  bow  pencil,  3^  inches  long,  with 
needle  point. 

One  5-inch  ruling  pen,  spring  on  upper  Blade. 

One  case  with  leads. 

One  adjusting  key. 

Retail  Price  of  Instruments,  $6.90 


DRAWING  MATERIALS: 

One  Drawing  Board,  19x25  inches,  seasoned 
pine,  with    end    battens,   tongued  and 
grooved,  shellac  finish,      -        -        -        -        $1.50 
One  Mahogany  T-Square,  24  in.  long,  ebony 

lined,  fixed  head,  shellac  finish,       -        -  .90 

One  45°  Transparent  Triangle,  8  inch.       -  .75 

One  30°x60°  Transparent  Triangle,  10  inch,  .70 

One  12-inch  Triangular  Boxwood  Scale,  engine 
divided  ;  graduated  3-32,  3-16,  1-8,  1-4,  3-8, 
3-4,  1-2.  1 1-2,  and  3  inches  to  the  foot,  and 
one  edge  inches  and  16ths,  with  case,  -  LOO 
One  Transparent  Combination,  irregular  or 
French  Curve,  special.         .       .       -       -        LOO 


Total  Value  of  Complete  Outfit,  $15.34 


One  Bottle  Waterproof  Ink  -       • 

One  4-H  Siberian  Drawing  Pencil, 

One  Faber'8 Ink  Eraser,  No.  1075, 

One  Faber's  Pencil  Eraser,  No.  Ill, 

One  dozen  Thumbtacks,  .       .       -       - 

Nine  sheets  Whatman's  handmade,  cold  pressed, 

Drawing  Paper,  131/2x20  Inches,  -       - 

Twelve  sheets  Whltstock  Drawing  Paper,  11x15 

Inches  (for  practice  work  only). 
One  Nickel  Plated  Erasing  Stencil, 
One  Sandpaper  Bloct,      .       -       -       -       • 
One  6-inch  German  SQver  Protractor,  V4°. 

Retail  Price  of  Materials,     - 


,26 

.10 

.05 
.05 
.20 


SPECIAL  PRICE  TO  A.  S.  C.  STUDENTS  KSfo*S^1 15.95 

In  order  to  secure  the  above  special  price  it  is  necessary  to  be  a  student  of  the  American  School 
of  Correspondence.  Orders  should  be  sent  direct  to  the  address  of  the  manufacturer  as  given 
below,  accompanied  by  Post  Office  Order  or  by  Registered  Letter  for  the  amount  and  a  statement 
that  the  writer  is  a  member  of  the  American  School  of  Correspondence.  Express  charges  are 
to  be  paid  by  the  purchaser  (for  students  in  the  West  and  Middle  West  express  charges  to 
CHICAGO  will  be  prepaid. )    Address : 

A.  D.  MACLACHLAN,  214  Clarendon  Street,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 
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DO  YOU 


DRAWING   INSTRUMENTS? 


If  so,    then   it  will   pay 

you   to  examine   the 

_fca1urcs   which   have 

in.itlo   the 

R  1  c  h  t  e  r 
Instruments 
of  Precision 

1  ■  A  M  O  U  S     THE 
WORLD      OVER 


The  ••  'Richtcr" 
Dratmin^  Insiru- 
mcnt-f  possess  many 
1  It-si ral)le  and  unique 
feaiures  not  found  in 
other  instruments.  They 
are  used  and  recom- 
mended by  the  highest 
mechanical    authorities. 

Their    mechanical    merits    challenge    criticism. 

Our  41()  page  profusely  illustrated  catalogue  contains  a  full  description  and  price  list  of  these 
Instruments,  as  well  as  other  styles  and  grades,  also  a  complete  list  of  Drawing  Materials  and 
Survey im;  Instruments.      (St-e  coupon  ht-low.) 

We    maKe   and    carry   the    most    complete    line   of    "Dratjuing    Materials 

and  Sur-Vcying  Instruments. 

Write  for  price  of  our  special 
A.  S.  C.  Drawing  Outfit.  Sjh,-- 
cially  adapted  lor  students  of  the 
American  School  of  Correspond- 
ence. 


All     our     goods     are 
fully    warranted. 


baCD 


EUGENE  DIETZGEN  COMPANY 

^Manufacturers  and  Importers  of 

Drawing  Materials  and  Surveying  Instruments 

181   Monroe  Street  119  West  Twenty-third  Street  14  First  Street  145  Baronne  Street 

CHICAGO  NEW  YORK  SAN  FRANCISCO  NEW  ORLEANS 


CUT  OUT  AND  MAIL  AT  ONCE 


Date 

EUGENE  DIETZGEN  CO.. 

Gentlemen:— Enclosed  find  15  cents,  for  which  please  send  prepaid  your  416  page  calaloRUC,  190!)  mlilion. 
This  amount  to  be  refunded  on  first  order  amounting  to  ^1.00. 


Name. 


T.W   M.i 


BH 


THE   IMPROVED 


Boston 
.Garter 


ram 


r«r 


?»"^" 


KNOWN  AND 

WORN  ALL  OVER 

THE  WORLD 

f  The  NAME  is  Stamped 


ON  EVERY  LOOP— 


The 


CUSHION 
BUTTON 

CLASP 

Lies  flat  to  the  leg-never 
slips,  tears,  nor  unfastens 

EVERY   PAIR  WARRANTED 

GEO.  FROST  CO.,  Makers 
Boston,  Mass.,  U.S.A. 

ALWAYS    EASY 


TOOLS 


No  matter  what  3'our  trade  may  be — ■ 
if  is  a  trade  that  uses  tools  of  any 
kind — we  can  supply  your  needs,  just 
as  we  are  supplying  thousands  of 
men  who  are  earning  their  living  with 
the  tools  we  have  sold  them. 

LOOK  AT  THESE  BARGAINS: 

Drawing  Instruments  $1 .90  a  set  and  up. 
Yankee  Spiral  D.  A.  Screw  Driver  $1  .50. 
Goodell  Automatic  Drill,  with  8  points,  85C. 
Combination  Plyer  60C.  Prices  include 
delivery  anywhere. 

Thrae  are  shown  in  our  Red  Book  No    73 

*■"'  ' '  "'"•  iSO  page  Tool  Catalog  No.  73 

**""'  on  receipt  of  20  cents  to  help 

pay  <    .  :■ . 

QRR  &  LOGKETT 

"  HARDWARE  COMPANY  ■ 

71-73  Randolph  Street,        CHICAGO 


Drill  SL-t  (or  Work.     Drills  3  II.  a  Minute 


Y    Standard  Electric 
Rock  Drills 

Our  Main  Line  includes  also  : 

Elevating,  Conveying,  Power-Transmit- 
ting, Coal  Hauling,  Washing,  Crushing, 
Screening,   Mining,  Dredging  Machinery 

Our  catalogues  fully  cover  these  lines  and 
cost  nothing 

THE  JEFFREY  MANUFACTURING  CO. 
COLUMBUS,  OHIO,  U.  S.  A. 


/JohnWac0intosh\ 
the  Toffee  King 


MoLckintosh's   Toffee 

is  a.  pure  and  delicious 

Old  English  Ca.i\dy 

The  enormous  sales  of  it  in  this  country  and  in  England 

Uhe  hoine  of  Mackintosh's  Toffee)  have  made  it  a  great 

international   Candy.      It  is   as  pure   as    the    crvstal 

spring,  and  has  a  peculiar  flavor  that  makes  it  Moreish 

the  more  you  eat  of  it,  the  more  you  want  of  it. 

.l«k  Tonr  dealer  to  supply  U:  he  can  if  he  will;  if  not, 

^fi? ^""^  l"*^-  '"  stamps  for  a  sample  package,  or 

fl.GO  for  a  four-pound  family  tin.    Try  vunr  dealer  first. 

JOHN  MACKINTOSH,  „  n^^^^k^t^  vor. 


vose 


PIANOS 


have   been   established   over   50    YEARS.     By   our 
VOSE  a  SONS  PIANO  CO..  160B„,bton  S,..  Boston.  M„s. 


